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PREFACE. 


THE  cordial  reception  given  to  my  Normal  Mental  and  Written 
Arithmetics  immediately  created  a  demand  for  a  Higher  Arithme- 
tic, written  upon  the  same  general  plan.  This  demand  has  become 
more  and  more  pressing  each  year,  as, the  publication  of  the  work, 
which  was  known  to  be  in  preparation,  was  delayed.  The  care  of  a 
large  institution,  in  connection  with  many  other  professional  duties, 
has  occupied  so  much  of  my  time  during  the  last  few  years,  that  it 
was  impossible  to  have  the  work  ready  for  the  press  at  an  earlier  day 
Indeed,  it  would  have  been  much  longer  delayed  had  it  not  been  for 
the  assistance  of  Miss  Deborah  P.  Atherton,  a  former  pupil,  who  has 
rendered  most  valuable  aid  in  its  preparation. 

As  now  presented,  the  work  is,  as  its  title  indicates,  a  HigJier 
Arit/imetic.  The  object  has  been  to  give  quite  a  full  treatise  upon  the 
science  of  numbers  and  its  most  extensive  applications.  Especial 
pains  have  been  taken  to  exhibit  the  logical  relations  of  the  science  ; 
to  present  clear  and  concise  definitions  and  solutions ;  to  state  the 
rules  and  principles  in  a  brief,  exact,  and  comprehensive  form  ;  and 
to  make  an  extensive  application  of  its  methods  to  the  business  prac- 
tices of  the  country  at  the  present  time.  Developed  in  accordance 
with  this  plan,  it  is  thought  that  the  work  will  commend  itself  to 
public  favor  on  account  of  both  its  scientific  and  practical  character. 
Attention  is  briefly  called  to  a  few  of  its  striking  peculiarities  in  both 
of  these  respects. 

Scientific— The  object  has  been,  as  stated  above,  tc  present  a 
scientific  treatise  upon  the  science  of  numbers.  Formerly  arithmetic 
was  treated  mainly  as  an  art,  and  the  pupil  was  drilled  in  mechanical 
processes,  without  any  conception  of  the  interesting  relations  of  the 
science  and  the  simplicity  of  its  reasoning  processes.  A  great  im- 
provement has  been  made  in  this  respect  within  the  last  quarter  of  a 
century.  Arithmetic  has  risen  to  the  dignity  of  a  science,  and  is  be- 
ginning to  stand  in  logical  completeness  beside  its  sister  science,  Ge 
ometry.  I  have  endeavored  to  carry  out  the  spirit  of  modern 
arithmetic  by  presenting  its  principles  in  logical  order,  and  by  mas 
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Vl  PREFACE. 

ing  suck  contributions  as  I  thought  would  more  fully  arr'oniplidh  this 
object.  With  respect  to  this  general  feature  of  the  work,  uttenlioD 
is  invited  to  the  following  points  : 

1.  The  Logical  Outline  of  Arithmetic,  in  which  it  is  assumed  thai 
all  arithmetical  processes  are  embraced  under  SynthesUt  Anali/itU, 
and  Comparison, 

2.  The  logical  presentation  of  the  language  of  arithmetic,  showing 
the  principle  of  Numeration  and  its  true  relation  to  Notation. 

3.  The  use  of  the  word  term  in  the  Fundamental  Rules,  so  as  to 
avoid  the  error  of  confounding  the  words  ^^wre  and  number, 

4.  The  comprehension  of  the  several  processes  following  the  Fun- 
damental Rules,  under  the  head  of  Secondary  Processes  of  anihmQi'ic. 

5.  The  treatment  of  Greatest  Common  Divisor  and  Least  Common 
Multiple,  and  the  extension  of  these  processes  to  Decimalb  and  De- 
nominate Numbers. 

G.  A  New  Method  of  Cube  R(X)t,  as  previously  presented  in  my 
Elementary  Algebra. 

7.  Important  modifications  of  definitions,  iis  in  Multiplication,  Di- 
vision, Fractions,  Denominate  Numbers,  Ratio,  Similar  Repetends, 
etc. 

8.  The  logical  division  of  subjects  into  cases,  especially  valuable 
to  one  preparing  to  teach  arithmetic. 

9.  Interesting  historical  notes  introduced  throughout  the  entire 
work. 

Practical. — Though  the  science  of  arithmetic  is  important  to  the 
teacher  and  scholar,  the  practice  of  arithmetic,  to  the  man  of  busi- 
ness, is  none  the  less  imix)rtant.  The  large  majority  of  those  who 
study  arithmetic,  need  to  use  it  in  the  transaction  of  the  practical 
affairs  of  life  ;  hence  a  text-book  on  the  subject  should  be  especially 
practical.  It  should,  so  far  as  is  ix)ssible,  represent  the  actual  busi- 
ness methods  of  the  times.  This  has  been  the  especial  aim  in  the 
preparation  of  this  work.  While  a  few  of  the  problems  will  be  found 
to  be  mainly  intended  to  illustrate  some  principle  of  the  science,  or 
to  prepare  for  the  more  intricate  business  problems,  by  far  the  greater 
number  are  inserted  for  the  purpose  of  showing  the  application  of  the 
science  to  the  actual  business  transactions  of  the  day. 

In  this  practical  character  it  is  believed  that  the  book  will  be  found 
especially  strong  and  reliable.  It  has  been  the  aim  to  represent  all 
the  leading  business  methods  and  practices  of  the  times.  This  idea 
has  been  carried  all  through  the  book,  and  constitutes  one  of  its 
most  prominent  features.  In  its  terms,  names  of  articles,  practical 
examples,  methods,  forms,  etc.,  it  will  be  found,  it  is  thought,  to  be 
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an  actual  reflection  of  all  the  great  leading  lines  of  business  in  this 
intensely  practical  and  busy  age.  As  examples,  we  call  attention  to 
many  of  the  Practical  Problems  in  the  Fundamental  Rules,  the  ap- 
plication of  Decimals,  the  forms  of  Bills  and  Accounts,  the  examples 
in  Denominate  Numbers,  the  varied  and  extensive  applications  of 
Percentage.  The  articles  on  Exchange,  Custom  House  Business, 
Partnership,  Insurance,  Building  Associations,  etc.,  were  prepared 
from  material  obtained  directly  from  those  connected  with  these  va- 
rious lines  of  business,  and  represent  the  actual  business  transactions 
of  the  present  day.  The  subject  of  Building  Associations  is  here  for 
the  first  time  presented  in  a  work  of  this  kind. 

In  this  application  of  the  science,  it  is  of  course  not  possible,  nor  is 
It  desirable,  to  represent  the  minor  details  of  every  known  business 
interest  in  the  country,  since  this  would  require  several  volumes 
instead  of  a  single  work.  The  object  has  been  to  represent  the  pro- 
cesses and  methods  used  in  all  the  leading  forms  of  business,  so  that 
a  pupil  trained  in  these  general  methods  shall  be  able  to  apply  bis 
knowledge  readily  to  any  particular  form.  In  this  manner  the  young 
man  goes  out  into  the  business  world,  not  an  imitative  parrot,  capa- 
ble only  of  following  a  particular  routine,  but  an  intelligent  person, 
with  ability  to  adopt  or  originate  any  process  that  may  be  regarded 
as  best  for  the  special  case  which  arises. 

These  are  the  principles  by  which  I  have  been  guided  in  the  pre 
paration  of  this  work.  Realizing  that  theory  alone  renders  a  man 
unpractical  in  life,  I  have  endeavored  not  to  restrilst  this  work  to  the 
mere  theory  of  numbers.  Realizing  also  that  practice  alone  gives  a 
person  no  power  to  adapt  old  or  originate  new  processes  in  particular 
cases  that  may  arise,  I  have  not  confined  myself  to  the  presentation 
of  the  merely  mechanical  methods  of  the  counting-house  and  the 
market.  The  object  has  been  to  find  the  golden  mean  in  this  respect, 
and  to  give  that  union  of  theory  and  practice  which  shall  result  in 
the  best  mental  discipline  and  the  most  thorough  training.  The 
motto  has  been,  Theory  and  Practice,  properly  combined,  gvoe  the  de- 
sirable results  of  Mental  Power  and  Business  Ga/pacity, 

The  work  does  not  aim  at  novelties,  but  is  based  upon  that  system 
of  arithmetic  which  has  grown  up  in  our  schools  under  the  wis- 
dom and  experience  of  the  best  teachers  of  the  last  half  century. 
The  ambition  has  been  the  improvement  of  the  established  system, 
rather  than  the  futile  attempt  to  create  a  new  one.  Neither  has  the 
work  been  shaped  to  meet  that  spirit  of  superficiality  in  arithmetical 
instruction  which  is  now  quite  popular  among  a  certain  class  of  edu- 
cators, but  it  presents  a  flill  and  thorough  course  of  instruction  in  the 
science.     It  is  designed,  not  for  superficial,  but  for  thcrough  teachfix^ 
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of  arithmetic, — for  teachers  who  realize  that  there  is  do  royal  rond 
to  mathematics,  but  tliat  all  solid  attainments  come  by  hard  work, 
and  that  one  of  tlu  most  important  dements  of  an  education  is  tfie  ac- 
quisition oft/te  habit  of  persistent  and  self-reliant  labor »  Above  all. 
the  wants  of  the  class-room  have  been  kept  constantly  in  view,  and 
the  eflbrt  has  been  continually  made  to  realize  and  meet  the  wants  of 
good  teachers  and  earnest  students. 

With  a  profound  sense  of  the  responsibility  of  one  who  attempts  to 
write  text-books  for  the  intellectual  training  of  the  rising  generation, 
and  an  earnest  desire  to  measure  up  to  the  high  demands  of  this  re- 
sponsibility, this  work  has  been  written  and  is  now  presented  for  the 
consideration  of  teachers,  educators,  and  directors  of  public  instruc- 
tion, to  whom  is  intrusted  the  development  of  the  intellect  of  the 
present  and  future  generations. 

EDWARD  BROOKS. 
State  Normai.  School, 
Jan.  16.  1876. 
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INTKODUCTION. 

NATURE  OF  ARITHMETIC. 

!•  Mathematics  is  the  science  of  quantity.  It  treats  of 
the  properties  and  relations  of  quantity. 

2.  Quantity  is  anything  that  can  be  measured.  It  is  of 
two  kinds,  Number  and' Extension, 

S.  Arithmetic  is  the  science  of  Number;  Geometry  is 
the  science  of  Extension, 

4.  Arithmetic  embraces  ideas  and  truths.  The  ideas 
give  rise  to  Definitions:  and  the  truths,  to  Principles  and 
Problems. 

5.  A  Definition  is  a  concise  statement  of  the  distinctive 
qualities  of  anything. 

O.  A  Principle  is  a  truth  of  science.  Principles  maj 
be  in  the  form  of  Axioms  or  Theorems. 

7«  An  Axiom  is  a  self-evident  truth.  Axioms  are  the 
laws  which  control  the  reasoning  processes. 

S.  A  Theorem  is  a  truth  which  becomes  evident  by  a 
process  of  reasoning  called  a  Demonstration. 

9.  A  Demonstration  is  a  process  of  reasoning  by  which 
the  truth  of  a  theorem  is  proved. 

(9) 
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10.  A  Problem  is  a  question  requiring  some  unknown 
result  from  that  which  is  known. 

11.  The  Conditions  of  a  Problem  are  the  known  truths 
that  are  given. 

1!3.  A  Solution  of  a  Problem  is  a  process  of  obtaining 
the  desired  result. 

13.  A  Mental  Solution  is  one  in  which  the  operations 
are  performed  without  the  aid  of  written  characters. 

14.  A  Written  Solution  is  one  in  which  the  operations 
are  performed  by  the  aid  of  written  characters. 

15.  A  Rule  is  a  statement  of  the  method  of  solving  a 
problem. 

16.  Arithmetical  Analysis  is  the  process  of  solving 

problems  by  a  comparison  of  their  elements. 

17*  Arithmetic  is  the  science  of  numbers  and  the  art  of 
computing  with  them. 

18.  A  Number  is  a  unit  or  a  collection  of  units.     Num- 
bers are  Concrete  and  Abstract. 

19.  A  Unit  is  a  single  thing  or  one.     A  single  thing  is  a 
concrete  unit ;  one  is  an  abstract  unit. 

20.  A  Concrete  Number  is  one  applied  to  some  par- 
tieular  object ;  as,  two  yards,  five  books,  etc. 

21.  Ah  Abstract  Number  is  one  not  applied  to  any 
particular  object ;  as,  two,  five^  etc. 

22m  Similar  Numbers  are  those  in  which  the  units  are 
alike ;  as,  two  boys  and  four  boys. 

23.  Dissimilar  Numbers  are  those  in  which  the  units 
are  unlike ;  as,  two  boys  and  four  books. 

34.  The  General  Classes  of  Numbers  treated  of  in  Arith- 
metic are  Integers,  Fractions,  and  Denominate  Numbers. 

S5.  An  Integer  is  a  number  of  integral  units;  BS,four, 
five,  etc. 

2^m  A  Fraction  is  a  number  of  the  equal  divisions  of  a 
*init;  as,  two-thirds,  three-fourths,  etc. 
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27.  A  Denominate  Number  is  a  number  ia  which  the 
anit  is  a  measure  of  coDtinuous  quaotitj ;  as,  three  yards, 
four  pounds. 

2Sm  These  Three  Classes  of  numbers  admit  of  the  same 
general  processes,  and,  as  subject  matter,  give  rise  to  a  tri- 
une division  of  Arithmetic. 

39*  The  Processes  of  Arithmetic  may  all  be  embraced 
under  the  three  heads,  Synthesis^  Analysis,  and  Comparison, 

30«  The  fundamental  idea  of  Arithmetic  is  the  Unit  or 
one.  The  synthesis  of  units  gives  rise  to  Numbers.  Num- 
bers may  be  subjected  to  the  operations  of  synthesis,  analy- 
sis and  comparison,  and  out  of  these  processes  arise  all  the 
subjects  of  arithmetic. 

31.  Fundamental  Processes. — A  general  synthesis  is 

called  Addition,  A  special  case  of  Addition,  in  which  the 
numbers  united  are  all  the  same,  is  called  Multiplication, 

A  general  analysis  is  called  Subtraction.  A  special  case 
of  Subtraction,  in  which  the  object  is  to  find  how  many  times 
one  number  contains  another,  is  called  Division, 

These  four  processes  are  called  the  Fundamental  Opera- 
tions of  Arithmetic.  From  these  four  processes  arise  others 
which  we  may  call  Derivative  Processes, 

33.  Deriyative  Processes. — A   general  synthesis  of 

factors  to  form  composite  numbers  may  be  called  Compo- 
sition. A  synthesis  of  equal  factors  is  Involution,  A  syn- 
thesis of  factors  to  find  a  number  which  is  one  or  more  times 
sev^eral  numbers,  is  called  Common  Multiple, 

An  analysis  of  a  number  into  \i&  factors  is  called  Factoring. 
An  analysis  into  equal  factors  is  called  Evolution,  The 
finding  of  a  common  factor  of  several  numbers  is  called 
Common  Divisor. 

These  divisions  have  their  origin  in  synthesis  and  analysis, 
and  grow  out  of  them.  There  are  several  other  divisions 
which  have  their  origin  in  and  grow  out  of  Comparison. 

33«  Comparison. — The  comparison  of  two  numbers 
gives  rise  to  Ratio,     The  comparison  of  equal  ratios  gives 
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rise  to  Proportion,      The  comparison  of  several  numbers 
differing  by  a  common  ratio  gives  rise  to  ProfjreKsion. 

In  comparing  numbers,  we  see  that  we  can  often  change  a 
number  from  one  class  of  units  to  another,  which  gives  rise 
to  Reduction.  In  comparing  numbers,  we  may  assume  some 
number  as  a  basis  of  reference,  and  develop  their  relation  in 
regard  to  this  basis ;  when  this  basis  is  a  hundred,  we  have 
Percentage,  Numbers  may  be  compared  and  their  properties 
investigated,  which  gives  rise  to  the  Properties  of  Numhera. 

34.  We  thus  have  a  complete  outline  of  Arithmetic.  It 
is  considered,  first,  as  treating  of  three  classes  of  numbers, 
Integers^  Fractions  and  Denominate  Numbers.  Its  processes 
are  also  three-fold,  Synthesis,  Analysis  and  Comparison, 
The  whole  science  of  Arithmetic  is  an  outgrowth  of  this 
triune  basis. 

{Addition  ( Composition 

MultipHcation  i  f  Involution 

(  \  Ck)mmon  Multiple 

(  Subtraction  (  Factoring 


Ix)gica] 
Outline. 


Analysis  -j 


Division 


(  Evolution 

\  Common  Divisor 


Comparison 


1.  Ratio 

2.  Proportion 

3.  Progressions 

4.  Reduction 

5.  Percentage 

6.  Properties  of  Numbers 

Note. — For  a  fuller  discussion  of  this  subject,  see  Brooka^s  Philosojjhy 
9f  ArUhmstic, 
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SECTION    I. 
AKITHMETICAL    LANGUAGE. 

3S.  Arithmetical  Language  is  the  method  of  expres^- 
ing  numbers. 

3G.  Arithmetical  Language  is  of  two  kinds,  Oral  aud 

Written,     The  former  is  called  Numeration  and  the  latter 
Notation. 

NUMERATION. 

37.  Numeration  is  the  method  of  naming  numbers,  and 
of  reading  them  when  expressed  by  characters.  It  is  the  oral 
expression  of  numbers. 

38.  Since  it  would  require  too  many  words  to  give  each 
number  a  separate  name,  numbers  are  named  according  to 
the  following  simple  principle: 

Principle. —  We  name  a  few  of  the  first  numbers,  and 
then  form  groups  or  collections,  name  these  groups,  and  use 
the  names  of  the  first  few  numbers  to  number  these  groups, 

39*  A  single  thing  is  named  one ;  one  and  one  more  are 
named  two ;  two  and  one  more,  three;  three  and  one  more, 
four;  and  thus  we  obtain  the  simple  names. 

One,  two,  three,  four,  five,  six,  seven^  eight,  nine,  ten, 

40.  Regarding  the  collection  ten  as  a  single  thing,  we 
might  count  one  and  ten,  two  and  ten,  etc.,  as  far  as  ten  and 
ten,  or  two  tens,  which  modified  by  use  would  give  the  fol- 
lowing numbers  : 

Eleven,  twelve,  thirteen,  fourteen,  fifteen,  sixteen,  seven 
teen,  eighteen,  nineteen,  twenty, 

41.  Proceeding  in  the  same  way,  we  would  have  two 
tens  and  one,  two  tens  and  two,  two  tens  and  three,  etc., 
which  modified  by  use  would  give  the  following  numbers : 

Twenty-one,  twenty-two,  twenty-three,  twenty-four,  twenty- 
five,  twenty-six,  twenty-seven,  twenty-eight,  twenty-nine, 

43.  Continuing  in  the  same  manner,  we  would  have  ihrcA- 
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tens  y  four 'tens,  five-tens^  etc.     By  this  principle  were  derived 
the  following  ordinary  nanoes  ; 

Twenty y  thirty ,  forty ^  fifty,  sixty,  seventy,  eighty,  ninety, 

43«  A  group  of  ten  tens  is  called  a  hundred :  a  group  of 
ten  hundreds,  a  thousand;  the  next  group  receiving  a  new 
name  consists  of  a  thousand  thousands,  called  a  million ;  the 
next  group  of  a  thousand  millions^  called  a  billion,  etc. 

44.  After  a  thousand  the  two  intermediate  groups  be- 
tween those  receiving  a  distinct  name,  are  numbered  hy  tens 

and  hundreds,  as  ten  thousand  and  hundred  thousand. 

Notes. — 1.  The  almve  shows  tha  principle  by  which  the  uanice  of  num- 
Ijers  were  formed.  The  Djimes»  however,  were  not  derived  from  the  partieu 
Ur  expressions  p^ven,  but  ori^nated  in  the  Saxon  lano:ua^e. 

2.  Eleven  is  from  the  Saxon  endlefen,  or  Gothic  ainlif  {ain,  one,  and  lif, 
ten);  twelve  is  from  the  Saxon  twelif,  or  Gothic  tvalif  {tva,  two,  and  lif,  ten). 
Some  think  ele^mi  meant  one  left  after  ten,  and  twelve,  two  left  after  ten. 

3.  Twenty  is  from  the  Saxon  twentig  {twegen,  two,  and  tig,  a  ten);  thirty 
is  from  the  Saxon  thritig  {thri,  three,  and  tig,  a  ten),  etc. 

4.  Hundred  is  a  primitive  word  ;  thousand  is  from  the  Saxon  thnsend,  or 
Oothic  thusumli  (thius,  te7i,  and  hund,  hwidred);  million,  billioft,  etc.,  are 
from  the  Latin. 

NOTATION. 

45.  Notation  is  the  method  of  writing  numbers.  Num- 
l)ers  may  written  in  three  ways: 

1st.  By  words,  or  common  language. 
2d.  B J  figures,  called  the  Arabic  Method. 
3d.  By  letters,  called  the  Roman  Method. 

ARABIC  NOTATION. 

46.  The  Arabic  System  of  Notation  is  the  method  of 
expressing  numbers  by  characters  called  figures. 

47.  In  this  system  numbers  are  expressed  according  to 
the  following  principle  : 

Principle. —  We  represent  the  first  nine  numbers  by  char- 
acter s,  and  then  use  these  characters  to  number  the  groups, 
indicating  the  group  numbered  by  the  position  of  the  charac- 
ter, 

48.  Figures.  Figures  are  characters  used  in  expressing 
numbers.     There  are  ten  figures  used,  as  follows : 

FTOURE8.         1,    2,     3,     4,     5,    6,     7,       8,      9,  0, 

4MD  vSum.}**°*'  two,  three,  four,  five,  six,  seveu.  eight,  niue.  oiphe*o?*8ero. 
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49.  B7  the  combinatioQ  of  these  figures  all  numbors  ua; 
be  espresaed  ;  heoce  they  are  appropriately  called  the  alpha- 
bet of  arilhmelic. 

90.  Combiliatioil.  These  figures  arc  combioed  accord- 
ing to  the  following  priuciples : 

1.  A  figure  standing  alone,  or  in  the  firxt  place  at  the  righi 
0/ other  figuren,  expresses  units  or  ONBa. 

2.  A  figure  standing  in  the  second  place,  counting  from 
the  right,  expresses  tens  ;  in  the  third  place,  hundeeoh  ,•  in 
the/ourlh  place,  thousands,  etc.;  thus: 

<0  i»  I   hundred. 


20  "  2  tens,  ur  twenly. 

30  "  3  lens,  or  tliirty. 

40  "  4  lena,  or  forty. 

56  "  5  Uns  and  six  units. 


200  "  2  hundred. 

520  "  5  hundred  and  (wentj. 

4oS  "  4  hundred  and  fiHy-sii. 

1000  "  1  thoii«md. 


IS  and  eight  units.         |    2000   "  2  thuusand. 

91<  Periods.  For  coaveaience  in  writiDg  and  readiag 
numbers,  the  figures  are  arranged  in  periods  of  three  places 
each.  The  first  three  places  constitute  the  firxt  or  uniti. 
period ;  the  second  three  places,  the  second  or  Ihousandi 
period,  etc. 

S3.  The  terms  of  each  period  are  considered  reapeetirely 
as  the  units,  teng  and  hundreds  of  that  period. 

53.  The  name  of  each  of  the  first  eight  periods  is  repre- 
sented by  the  following 

NUMERATION   TABLE. 

i  i  L  I  t  i  i 

III -S-il  111  Hi -sis  Mi  II 11 

n*5  ITc  ■2r-§  "g.'-a  "i"?.?  "=?=  '2'?3  "=Ji 
ttfSr^  ^HO'  =-^--5'  =!^H  X^'S  Mh^  ShP  K^a 
88  8,    88  8,   H8  8,    88  8,   88  8,   88  8,   88  8,   888. 

Pf.AOBS.|g"s'  SS5  1^1  ||m  S^S  -S-i-3  -S-B-s  3:^^ 

pBRiona.    8th.       Tth.        6th.        5lh.        4[li.        3d.         -lA.         \A. 
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This  table  enables  us  to  read  a  Dumerical  txpressioD 
of  twenty-four  figures.  The  succeeding  periods  are  Septil- 
lions,  Octillions,  Nonillions,  Decillions,  Undecillions,  Duo- 
decillions,  Tertio-decillions,  Quarto-decillions,  Quinlo-de 
cillions,  Sexlo-decillionSf  Septo-decillions,  Octo-decillions^ 
Nono-decillionSf  Vigillions,  etc. 

99.  The  combination  of  figures  to  express  a  number 
forms  a  numerical  expression, 

SB.  The  different  figures  of  a  numerical  expression  are 
called  terms.  Terms  are  also  used  to  indicate  the  numbers 
represented  by  the  figures. 

Note. — The  use  of  the  word  term  to  indicate  both  the  figurii*  aud  num 
bers  represented  by  them  enables  us  to  avoid  the  error  ol'  usia^  the  word 
Jlgure  for  the  word  number.    Thus,  instead  of  saying,  "  add  the  fi^rures,'' 
which  is  an  absurdity,  we  can  say,  add  the  temis,  meaning  the  auinbers  de- 
noted by  the  tigures. 

EXEHCZSBS  UT  2TX7MEX2ATI01T. 

57.  The  pupils  are  now  prepared  to  learn  to  read  num- 
bers when  expressed  by  figures.  From  the  preceding  ex- 
planations, we  have  the  following  rule  for  numeration: 

Rule. — I.  Begin  at  the  right  hand  and  separate  the  nu- 
merical expression  into  periods  of  three  figures  each, 

II.  Then  begin  at  the  left  hand  and  read  each  period  in 
succession,  giving  the  name  of  each  period  except  the  last. 

Note. — The  name  of  the  last  period  is  usually  omitted,  it  being  under- 
stood. 

I.  What  number  is  expressed  by  5468217  ? 

Solution. — Separating  the  numerical  expression  into    operation. 
periods  of  three  figures  each,  beginning   at   tlie   right       ^  ^gg  2x7 
hand,  we  have  5,468,217.     The  third  period  is  5  mil-         ^      ' 
lions,  the  second  period  is  468  thoiisands,  and  the  first  217  units;  hep<;e 
the  number  is  5  million,  468  thousand,  217. 

Head  the  following  numerical  expressions: 


2.  2356741 

3.  4009637 

4.  41327984 
k  502800004 


6.  71390268156 

7.  10203004000 

8.  40002005071829 

9.  3040506070901050208041 
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10.  Required  the  names  of  thu  followiag  places: 

Sixth ;  twelfth  ;  eighth ;  tenth ;  fourteenth ;  nineteenth ;  thirteenth ; 
eeventeenth ;  twenty-tirst ;  eighteenth ;  twenty-fourth ;  twenty-eeond ; 
twenty-ninth ;  thirty-fourth. 

11«  Required  the  names  of  the  following  periods: 

First ;  third ;  fifth  ;  second ;  seventh ;  fourth ;  ninth ;  sixth  ;  tentli : 
eleventh;  fourteenth;  sixteenth. 

12.  Required  the  places  of  the  following  periods: 

Thousands;  millions;  ten-thousands;  hundred-thousands;  ten-mil* 
lions;  bUlions;  hundred-trillions;  quintillions ;  octillions;  hundred- 
eextillions;  ten-quintiliions;   septillions;  hundred-quadrillions. 

IS.  Required  the  period  and  place  of  the  following: 

Billions;  iiundred-biliions;  ten-billions;  quintUlions ;  ten-trillions ; 
ten-quadrillions ;  hundred-quintillions ;  septillions ;  hundred-sextil- 
lions;  ten-nonillions;  sextillions;  ten-octillions;  hundred-quadrillions. 

Note. — After  pupils  are  familiar  with  reading  by  dividing  into  periodSi 
the  division  may  be  omitted  or  performed  mentally. 

SXEHCISSS  IN  ITOTATIOU. 

58«  Having  learned  to  read  numerical  expressions,  we 
are  now  prepared  to  write  them.  From  the  principles 
which  have  been  explained,  we  have  the  following  rule: 

Rule. — I.  Begin  at  the  left  and  write  the  hundreds,  tens, 
and  units,  of  each  period  in  their  proper  order. 

11.  When  there  are  vacant  places,  Jill  them  with  ciphers. 

1.  Express  in  figures  the  number  three  thousand  eight 
hundred  and  six. 

Solution. — We  write  the  3  thousands  in  the  4th  place,  8  hundreds 
in  the  3d  place,  and  there  being  no  tens,  we  write  a  cipher  in  the  2d 
place,  and  6  units  in  the  1st  place,  and  we  have  3806. 

Express  the  following  numbers  in  figures: 


1.  Forty-six  million  and  forty- 
seven  thousand. 

2.  Two  hundred  and  two  million 
and  twenty-two. 

5.  Six  hundred  and  sixty  mil- 
lion five  hundred  and  thirty-seven 
thousand  and  three. 

4.  One  billion  four  million  and 
eighty. 

6.  Two  hundred  and  nine  billion 

2 


sixty-five    million   four    thousand 
and  seven. 

6.  Seventy  trillion  eight  billion 
one  million  and  six  hundred. 

7.  One  hundred  and  two  quad- 
rillion three  billion  four  hundred 
thousand  and  fifty. 

8.  Thirty-five  octillion  seven 
hundred  and  ten  trillion  thirty 
million  six  hundred  and  Reventeeo 
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9.  Twenty  undecillion  six  hun- 
dred nonillion  ninety-four  septillion 
three  hundred  and  one  billion  fifly- 
eight  thousand  three  hundred  and 
four. 


10.  Seventy  duodcciilion,  nine 
octillion  five  hundred  and  tliirtv- 
two  sextillion  four  hundred  tril- 
lion eight  million  one  hundred 
and  ten. 


59.  Orders. — Since  we  may  have  2  tens,  3  hundreds, 
etc.,  the  same  as  2  apples,  3  books,  etc.,  these  differeu* 
groups  may  be  regarded  as  units  of  different  orders]  thus, 

Units  are  called  Units  of  the  l8t  order 

Tens  "        "      Units  of  the  2d  order. 

Hundreds  "        "     Units  of  the  3d  order. 

Thousands  "       "     Units  of  the  4th  order. 

Ten-Thousands  "        "      Units  of  the  5lh  order. 


GO.  From  this  it  is  seen  that  ten  units  of  a  lower  order 
make  one  unit  of  the  next  higher  order;  the  system  of 
notation  is  therefore  called  the  Decimal  System,  from  the 
Latin  decern,  ten. 

Note. — The  pupil  should  notice  carefully  the  distinction  between  periorU 
and  orders  of  units.  The  first  period,  called  units  period,  consists  of  units 
of  the  Ist,  2d  and  8d  order;  the  second  period,  called  thousands  period, 
consists  of  units  of  the  ith,  5th  and  6th  orders,  etc.  Periods  increase  by 
thousands ;  orders  by  tens. 

EXAMPLES  FOR  FX2ACTICE. 

Write  and  read  the  following: 


1.  Two  units  of  the  2d  order, 
and  four  of  the  1st. 

2.  Nine  units  of  the  4th  order, 
and  three  of  the  Ist. 

3.  Five  units  of  the  7th  order, 
four  of  the  4th,  and  eight  of  the 
2d. 

4.  Three  units  of  the  9th  order, 
five  of  the  5th,  two  of  the  2d,  and 
four  of  the  Ist. 


5.  Eight  units  of  the  8th  order, 
six  of  the  6th,  three  of  the  3tl,  and 
one  of  the  Ist. 

6.  One  unit  of  the  11th  order, 
four  of  the  10th,  nine  of  the  7th, 
two  of  the  6th,  and  seven  of  the  3d. 

7.  Five  units  of  the  10th  order, 
two  of  the  6th,  and  three  of  the  1st. 

8.  Six  units  of  the  13th  order, 
and  four  of  the  5th. 


THE    DECIMAL    SCALE. 
Gl.  In  Numeration  and  Notation  we  have  two  classes  of 
units,  Simple  and  Collective. 

^2m  A  Simple  Unit  is  a  single  thing,  or  one;  a  collective 
unit  denotes  a  group  or  collection,  rec^arded  as  a  whole 
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63.  The  Orders  of  Units  are  the  units  represented  by 
the  figures  in  the  different  places  of  a  numerical  expression. 

04.  Simple  Units  are  called  units  of  the  first  ord^r, 
tens  are  called  units  of  the  second  order;  hundreds^  units 
of  the  third  order ^  etc. 

G5«  The  Scale  of  a  system  of  notation  is  the  law  of 
relation  between  its  successive  orders  of  units. 

GG.  The  Radix  of  the  scale  is  the  number  which  ex- 
presses the  relation  of  the  successive  orders. 

67.  The  Decimal  Scale  of  notation  is  that  in  which  the 
radix  is  ten.  The  system  of  numeration  and  notation 
explained  is  therefore  called  the  decimal  system. 

G8.  Since  figures  in  different  parts  of  the  scale  express 
different  units,  figures  may  be  regarded  as  having  two 
values,  a  Simple  and  Local  value. 

69.  The  Simple  Value  of  a  figure  is  the  number  of 
units  it  expresses  when  it  stands  alone,  or  in  units  place. 

70.  The  Local  Value  of  a  figure  is  the  number  it  ex- 
presses when  in  any  other  than  units  place. 

71*  The  Decimal  System  of  numeration  had  its  origin 
in  the  practice,  common  to  all  nations,  of  counting  by 
groups  of  tens. 

72.  The  Arabic  System  of  notation  is  based  on  the 
simple  but  ingenious  device  of  place.  The  system  would 
be  the  same  in  principle,  whatever  the  radix  of  the  scale. 

73.  If  we  fix  the  place  of  units  by  a  point  (.),  we  may 
extend  the  scale  to  the  right  of  units  place,  and  have  the 
scale  descending  as  well  as  ascending. 

74#  The  first  place  on  the  right  of  the  point  will  be  one- 
tenth  of  units  or  tenths,  the  second  place  one-tenth  of  tenths, 
or  hundredths,  the  third  place,  thousandths,  etc. 

75.  Such  terms  are  called  decimals,  and  the  point  is 
called  the  decimal  point.  Thus,  48.375  is  read  48  and  3 
tentb$=>  7  hundredths  and  5  thousandths,  or  48  and  375 
thousandths. 
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76.  The  Currency  of  the  United  States  is  expressed  by 
the  decimal  system  iu  integers  and  decimals.  The  dollar  is 
the  unit  aud  is  indicated  by  the  symbol  $.  The  first  place 
at  the  right  of  the  decimal  point  is  called  dimes;  the  second 
place,  cenfa;  and  the  third  place,  niilU. 

77«  Dimes  and  Cents,  in  practice,  are  read  as  a  number 

of  cents.     Thus,  $4.65  is  read  4  dollars  and  65  cents;    and 

$72,485  is  read  72  dollars  48  cents  and  5  mills.     Mills  are 

often  expressed  as  a  fractional  part  of  cents ;  thus  $8,465  is 

written  $8  46f . 

Notes. — 1.  Pupils  will  notice  the  difference  between  the  Arabic  system 
of  notation  and  the  decimal  system  of  numeration.  The  Roman  method 
of  notation  bears  the  same  relation  to  the  decimal  system  as  the  Arabic. 

2.  Any  number  could  have  been  taken  as  the  basis  of  the  scale ;  hence 
the  Decimal  Synteiii  is  not  eMentialj  but  merely  (tccidental  or  convetUional.    ' 

3.  The  decimal  scale  originated  from  the  custom,  among  primitive  races, 
of  reckoning  by  counting  the  fingers,  the  number  on  both  hands,  including 
the  thumbs,  being  ten. 

4.  The  Arabic  notation  is  named  from  the  Arabs,  who  introduced  it  into 
Europe  by  their  conquest  of  Spain  during  the  11th  century.  The  Arabs 
obtaiued  it  from  the  Hiudoos,  by  whom  it  was  probably  invented  mOre 
than  2()00  years  ago. 

5.  The  first  nine  of  the  Arabic  characters  are  called  significant  figures^ 
because  they  always  denote  a  definite  number  of  units.  They  are  also 
called  diffitSy  from  the  Latin  dif/ituHy  a  finger,  because  they  were  employed 
as  a  substitute  for  the  fingers,  with  which  the  ancients  used  to  reckon. 

6.  The  character  0  is  called  naughty  because  it  indicates  no  value.  It  is 
also  called  zeroj  which  is  an  Italian  word,  signifying  nothing.  It  is  also 
called  cipher y  which  is  derived  from  the  Arabic  sifr  or  at/rwm,  meaning 
empty y  vacant.  The  term  was  subsequently  a[)plied  to  all  the  Ajtibif* 
characters,  and  the  use  of  them  was  called  ciphering. 

7.  There  are  three  theories  for  the  origin  of  the  Arabic  characters  :  1st, 
that  they  are  modifications  of  characters  formed  by  the  combination  of  * 
ttraight  lines ;  2d,  that  they  are  modifications  of  characters  Ibrmed  by  the 
combination  of  angles;  and  3d,  that  they  are  derived  from  the  initial  letters 
of  the  Hindoo  words  for  numbers.  The  last  theory  is  given  by  Prinseps 
and  indorsed  by  Max  Miiller,  and  is  probably  the  true  one.  (See  Brooks^ 
PhUosophy  of  Arithmetic. ) 

ENGLISH    METHOD   OF   NUMERATION. 

78.  The  method  of  numeration  by  dividing  numbers 
into  periods  of  three  figures  each,  is  called  the  French 
Method,  There  is  also  another  method  called  the  English 
Method. 

79.  The  English  Method  uses  periods  of  six  figures 
each,  calling  the  first  period  unitSy  the  second  millions,  the 
third  billionSy  the  fourth  trillions,  etc.  • 
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80.  The  places  in  each  period  are  units,  lens,  hundreds, 
thousands,  lens  of  thousands,  hundreds  of  thousands.  Tbn 
method  U  represented  in  the  following  table : 


mi   ml.  u  . 

§gjaga  ai^sIS  sl^Sg'a 
SbhEBhcq  KhhKhS  KhHEShP 
66666  6,      66666  6,     66666  6, 


TrilUODB  Period.    BUUodb  Period.  MUliuiu  Period.     UdIU  Period. 
The   remaining  perioda  have  the  same  names  as  in  the 
French  method. 

E^AMFLEB    FOH    PZZACTICE. 

1.  Write  the  following  nambers  by  both  the  French  and 
Eoglieh  methods  and  show  their  diCTereDce: 

1,  One  million.  I  i.  One  quadrillion. 

9.  One  biUioD.  5.  One  quintillion. 

3.  One  trillion.  |  6.  One  seitillion. 

2.  Read  the  followiog  by  both  the  French  and  English 
methods: 

1.  468756054.  I        4.  5637240250167. 

a.  8630685025.  5.  76557004032854. 
3.  70685973284.                         |         6.  3205056702436057. 

S.  Write  the  following  hy  either  method,  and  read  the 
results  by  the  other  method ; 

1.  Five  million  six  thousand  and  4.  How  many  times  one  trillion 

one.  French  i»  one  trillioti  English  ? 

9.  8ii  billion  five  thousand  and  5.  How  many  times  one  decil- 

three   millioD  seven  hnndred  and  lion  Fretich  is  one  decillion  Eng- 

nine.  \hM 

3.  Nine  thousand  trillion  five  tt.  How  many  limes  one  quiniil- 
hundred  thousand  billion  seventeen  lion  French  is  one  qubtiilioo 
thomuid  and  three.  English  T 
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ROMAN  NOTATION. 

81.  The  Roman  Method  of  Notation  employs  seven 
letters  of  the  Roman  alphabet.  Thus,  I  represents  one; 
V,  five;  X,  ten;  L,  fifty ;  C,  one  hundred;  D,  five  hun- 
dred;  M,  one  thousand. 

S!S.  To  express  other  numbers  these  characters  are  com- 
bined according  to  the  following  principles: 

1.  Every  time  a  letter  is  repeated  its  value  is  repealed. 

2.  When  a  letter  is  placed  before  one  of  a  greater  value, 
the  DIFFERENCE  of  their  valtics  is  the  number  represented, 

3.  When  a  letter  is  placed  after  one  of  a  greater  value, 
the  SUM  of  their  value,  is  the  number  represented, 

4.  A  dash  placed  over  an  expression  increases  its  value 

a  thousand  fold.     Thus  Yll  denotes  seven  thousand. 

Note. — lu  applying  these  prL^eiples  write  the  different  orders  of  units  in 
succession,  beginning  with  the  L  jcher. 

S3*  These  principles  an  ^^hibited  in  the  following  table: 


ROMAN 

TABLE. 

I 

One. 

XI 

Eleven. 

XC 

Ninety. 

II 

Two. 

XIV 

Fourteen. 

C 

One  hundred. 

III 

Three. 

XV 

Fifteen. 

CC 

Two  hundred. 

IV 

Four. 

XIX 

Nineteen. 

D 

Five  hundred. 

V 

Five. 

XX 

Twentv. 

• 

DC 

Six  hundred. 

VI 

Six. 

XXX 

Thirty. 

DCCX 

Nine  hundred. 

VII 

Seven. 

XL 

Forty. 

M 

One  thousand. 

VIII 

Eight. 

L 

Fifty. 

MM 

Two  thousand. 

IX 

Nine. 

LX 

Sixty. 

MCLX 

One  thousand  one  hun- 

X 

Ten. 

LXX 

Seventv. 

MDCCCLIX  1859.  fdred  and  sixty. 

Note. — The  Roman  method  is  named  from  the  Romans,  who  invented 
and  used  it.  It  is  now  employed  only  to  denote  the  '»hapters  and  sections 
of  bookSf  pages  of  preface  and  Introiluctlou,  and  in  other  places  for  prom- 
inence and  distinction. 

EXAMPLES  FOH  FHACTICE. 

!•  Write  the  following  numbers  by  the  Roman  Method; 

1.  Nine  hundred  and  thirty-six.  2.  One  thousand  hve  hundred  and 
sixteen.  3.  Four  thousand  two  hundred  and  four.  4.  Seven  thousand 
and  sixty-eight.     5.  Thirty  thousand  and  thirteen. 

2.  Read  the  following  numbers: 

I.XXXVIIIj_VDLIX;  MDCCCLXXV;  MMDXC ;  IXXX^XXX ; 
XDCl.VI;    LIXCCCCXLIV;  MMMMXC;  cliv;  xcvu;  clxix. 
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SECTION    II. 
FUNDAMENTAL    OPERATIONS. 

ADDITION. 

84.  Addition  is  the  process  of  finding  the  sum  of  two  or 
more  numbers. 

85.  The  Sum  of  several  numbers  is  a  number  which 
contains  as  many  units  as  the  numbers  added. 

86.  The  Sign  of  Addition  is  +,  and  is  read  plus.  It 
denotes  that  the  numbers  between  which  it  is  placed  are  to 
be  added. 

87.  The  Sign  of  Equality  is  =,  and  is  read  equals.  It 
denotes  that  the  numbers  between  which  it  is  placed  are 

equal. 

Notes. — 1.  The  Sign  of  Addition  consists  of  two  short  lines  bisecting 
each  other,  the  one  in,  and  the  other  perpendicular  to,  the  line  of  writing. 

2.  The  symbol  -|-  was  introduced  by  StifeliuSj  a  German  mathematician, 
in  a  work  published  in  1544. 

3.  The  symbol  =  was  introduced  by  Robert  Recorde,  an  English  mathe- 
matician, in  his  ^^W^ietstone  of  Wit^**  a  work  on  algebra  published  in  1657. 


1.  The  numbers  added  must  be  similar, 

2.  Units  of  the  same  order  only  can  be  added  directly, 
2.   The  sum  is  a  number  similar  to  the  numbers  added. 

4.    The  sum  is  the  same  in  whatever  order  the  numbers 
are  added. 

PROBLEM. 

88,  To  find  the  sum  of  two  or  more  numbers. 

1.  What  is  the  sum  of  571,  395,  and  683  ? 

Solution. — We  write  tlie  numbei-s  so  tliat  terms  of     operation. 
the  same  order  stand  in  the  same  column,  and  begin  gyj 

at  the  right  to  add.     3  and  5  are  8  and  1  are  9,  units ;  39^ 

we  write  the  9  units  under  the  colinnn  of  units  :  8  and  ggg 

9  are  17  and  7  are  24,  tens,  or  2  hundreds  and  4  tens;  we       -r^ 
write  the  4  tens  under  the  column  of  tens,  and  add  the  2         ^"^^  -^'**' 
hundreds  to  the  column  of  hundreds:  2  and  6  are  8  and 
3  are  11  and  5  are  16,  hundreds,  or  1  thousand  and  6  hundreds ;  we  write 
the  6  hundreds  under  the  column  of  hundreds,  and  place  the  1  at  the 
left  Id  the  place  of  thousands.    Hence  the  sum  of  571  395,  and  683  if 
1649. 
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Rule. — I.  Write  the  numbers  to  be  added  so  ihcU  terms  of 
the  same  order  stand  in  the  same  column,  and  draw  a  line 
beneath. 

II.  Begin  at  the  units,  add  the  terms  of  each  column  sepa- 
rately  and  write  the  sum  underneath,  if  less  than  ten, 

III.  When  the  sum  of  any  column  is  ten  or  more  than 
ten,  write  the  units  figure  only,  and  add  the  tens  to  the  next 
column, 

IV.  Write  the  entire  sum  of  the  last  column. 

Proof. — Begin  at  the  top  and  add  the  columns  downward, 
and  if  the  work  is  correct  the  two  sums  will  be  equal. 

Second  Method.  Separate  the  number  into  two  or  more 
parts,  add  these  parts,  and  then  add  the  sums  of  these  parts ; 
if  the  work  is  correct  the  two  results  will  be  equal. 

Notes. — 1.  We  write  the  figures  of  the  same  order  in  the  same  column 
for  convenience  of  adding,  since  only  units  of  the  same  order  can  be  directly 
added. 

2.  We  begin  at  the  right  to  add  for  corivenience,  so  that  when  the  sum  of 
any  column  exceeds  9,  we  may  add  the  left-hand  term  of  such  sum  to  the 
next  column. 

8.  Beginning  at  the  bottom  of  a  column  to  add  is  mostly  a  matter  of  cut- 
torn  /  cases  may  arise,  however,  in  which  it  would  be  more  convenient. 

4.  The  proof  by  excess  of  9's  will  be  given  hereafter. 

?.  What  is  the  sum  of  35246-f  234-f  7891  +  50673-f  ^^6214 
+  82349?  Ans.  251607. 

3.  What  is  the  sum  of  5462+37185+989+64732+34785 
+  6495?  Ans.  149648. 

4.  What  is  the  sum  of  247923+568172+4136+21975+ 
729186+235697?  Ans,  1807089. 

5.  What  is  the  sum  of  3724679+42531  +  297346+4965287 
+  914535+6724913?  Ans.  16669291. 

6.  What  is  the  sum  of  4273561  +  391845+72233  +  99+ 
25673981  +  7253648?  Ans.  37665367. 

Find  the  sum  of  the  numbers, 

7.  From  223  to  232  inclusive.  Ans.  2275. 

8.  From  3459  to  3475  inclusive.  Ans,  58939. 

9.  From  4375  to  4400  inclusive.  Ans,  114075. 

10.  From  78437  to  78450  inclusive.  Ans,  1098209. 

11.  From  87692  to  87700  inclusive.  Jn«.  789264. 
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FHACnCAL.   PROBLEMS. 

1.  A  publisher,  issuing  a  new  work,  paid  $650  for  tho 
plates,  $250  for  the  paper,  $95.75  for  the  press-work,  and 
$275.50  for  binding ;  what  did  the  first  edition  cost  ? 

OPEKATION. 

Solution. — If  for  the  plates  he  paid  $650,  for  the  $650.00 

paper  $250,  for  the  press-work  $95.75,  and  for  the  250.00 

binding,  $275.50,  for  all  he  paid  the  sum  of  $650,  95  75 

$250,  $95.75,  and  $275.50,  which,  by  addition,  we  find  275  50 

to  be  $1271.25 ;  hence  the  first  edition  cost  $1271.25.  \.^, 

2.  A  merchant  laying  in  his  Spring  goods,  expended  for 
calico,  $765.87^ ;  for  percales,  $1075.37^  ;  for  French 
chintz,  $564.75;  for  Victoria  lawn,  $375.16;  and  for  book 
muslin,  $256.56  ;  what  was  his  bill  ?  Ans.  $3037.72. 

3.  My  grocer  sends  me  the  following  bill :  25  lb.  of  sugar, 
$3.50;  7  lb.  of  tea,  $8.75  ;  5  barrels  of  apples,  $18.75;  12  lb 
of  coffee,  $3.50;  2  barrels  of  flour,  $19.50;  1001b.  of  buck- 
wheat flour,  $3.25,  and  251b.  of  corn  meal,  $0.75  ;  what  was 
the  amount?  Ans.  $58. 

4.  A  bought  a  house  and  lot  for  $3000,  paid  $565  for 
building  a  barn,  $156.35  for  putting  the  grounds  in  order, 
$105.67  for  introducing  gas  and  water,  and  $75  for  a  new 
range ;  for  what  must  he  sell  this  property  to  make  $450.75 
on  his  investment?  Ans.  $4352.77. 

5*  A  bill  of  goods  contains  the  following  items :  1  piece 
Irish  linen,  $9.92 ;  3  pieces  Russia  crash,  $4.81 ;  3  pieces 
plaid  jaconets,  $22.50;  1  piece  linen -drill,  $13.68  ;  2  pieces 
Marseilles  vesting,  $36.30;  2  pieces  linen  duck,  $124  37;  2 
pieces  brown  corduroy,  $46.41 ;  required  the  amount  of  the 
bill.  Ans.  $257.99. 

6.  Find  the  sum  of  8  trillion  3  billion  1  million  495  thou- 
sand, and  6  quadrillion  74  trillion  15  million  4  hundred 
written  by  the  French  method^  and  also  by  the  English 
method.  Ans.  6000082006085003032990800. 

7.  Find  the  sum  of  950053,  420000,  five  hundred  and  one 
thousand  one  hundred,  MDCCCLXXVI,  MDCXCYIII. 
DCCCCXLIX,  and  DCCCLI,  and  express  it  in  the  Roman 
method.  Ans.  MDCCCLXXYIDXXVII. 
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8.  UesBre.  Watson  &  Co.,  readerud  the  followiug  biK 
J  dozen  Jones's  L.  U.  Sbovel,  $^.^5■,  ^  dozen  auger  bitr 
$6.30}  ^  dozen  Udld  BOtikel  cbisels,  $2.15;  3^  lbs.  axe  stone, 
10.42;  ^  rm.  sand  paper,  ass'd,  (2;  2  quires  emery  paper, 
13.12;  ^gross  table  spoons,  $3.75;  1  keg  nails,  $15.76 ;  I 
keg  borseshoes,  $6.75  ;  3  pairs  brass  candlesticks,  $1.35  ;  re- 
quired the  amount  of  the  bill.  Ana.  $46.94. 

9.  A  dry  goods  merchant  bought  silk  for  $240,  linen  fur 
$375,  and  woolen  goods  for  $450;  the  silk  was  sold  at  a 
profit  of  185,  the  cloth  at  a  profit  of  $75,  and  the  woolen 
goods  at  a  profit  of  $150;  what  was  the  whole  amount 
received  for  the  goods?  Arts.  $1375. 

10.  A  gentleman  leaves  to  each  of  his  three  sons  $3500, 
and  to  bis  two  daughters  $800  apiece  more  than  to  a  son, 
and  to  his  wife  |400  more  than  to  a  son  and  daughter,  and 
the  remainder  of  his  estate,  which  was  $500  more  than  be 
bequeathed  to  bis  family,  be  left  to  an  orphan  asylum ;  what 
was  the  amount  of  his  estate?  Ans.  $55,100. 

11.  Add  the  following  ledger  columns: 


ieT4 

1 

1         ISTi 

1 

1 

July 

3  To  Sundries, 

.'ilBj-  Merchandtse, 

625,75 

n   "  McruhandlBe, 

ST5t!^   "'"^ 

11    '•  BiUs  Payable, 

433I00 

10   "  BUl8  Receivable, 

6-s,:m    " 

■'    "  Interest, 

sses 

"    "  Interest, 

.W       '■ 

13   "  Louis  Walton, 

38076 

12  "  James  Nelson, 

+10 

^}  i; 

10I5|45 

14  "  Reading  R.  R. 

3M 

33   "  Lebigh   Valley 
R.fi.  Stock,' 

asoe'oo 

1        StockT 

asiMi 

a's    " 

33   "Rogers*  Co., 

m'' 

39   "  AduDS  &  Co., 

8i5;W 

" 

m   ••  Merchandise, 

40       " 

Aug. 

l!  "Ara'tcar'dror'd, 

ZZ 

Z 

"Am'tckr'dror'd, 

"-T 
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OONTEACTIONS  IN  ADDITION. 

89.  Contractions  ia  Addition  are  a})breviated  methoda 
of  adding. 

CASE  I. 

90.  To  add  by  omitting  the  names  of  the  nufnbem 
added,  merely  natning  results* 

1.  Find  the  sum  of  367,  589,  635,  and  768. 

OPERATION. 

Solution. — We  write  the  numbers  so  that  terms  of  ^q-j 

the  same  order  stand  in  the  same  column,  and  begin  ggg 

at  the  right  to  add :  8,  13,  22,  29 ;  we  write  the  9  and  ^35 

add  the  2  to  the  next  column  :  2,  8,  11,  19,  25  ;  we  ^gg 

write  the  5,  and  add  the  2,  etc.  7i^^^ 

ZoO«7 

Find  the  sum  of  the  numbers 

2.  From  782  to  800  inclusive.  Ana.  15029. 
8.  From  649  to  664  inclusive.  Ans,  10504. 
4.  From  8234  to  8250  inclusive.  Arts,  140114. 
6.  From  9247  to  9263  inclusive.  Ans.  157335. 
6.  From  9897  to  9910  inclusive.  Ans,  138649. 

CASE  II. 

91.  To  add  two  or  more  columns  at  tlie  same  titne, 

1.  Find  the  sum  of  3486,  5267,  6845  and  7654. 

operation. 

Solution. — 54  and  40  are  94  and  5  are  99  and  60  MS6 

are  159  and  7  are  166  and  80  are  246  and  6  are  252;  526? 

we  write  the  52  and  add  the  2  to  the  next  column ;  76  gg^g 

and  2  are  78  and  60  are  138  and  8  are  146  and  50  are  7Q5A 

196  and  2  are  198  and  30  are  228  and  4  are  232,  which  — -— 

we  write.  232b2 

Note. — In  practice  name  only  the  results,  omitting  the  naming  of  the 
numbers  added. 

Find  the  sum  of  the  numbers 

2.  From  496  to  512  inclusive.  An^.  8568. 

3.  From  832  to  848  inclusive.  Ans,  14280. 

4.  From  5626  to  5640  inclusive.  Ans.  84495. 
6.  From  6987  to  7000  inclusive.  Ans.  97909. 

Notes. — 1 .  When  two  or  more  terms  of  a  column  can  be  easily  grouped 
together,  use  their  sum  instead  of  adding  each  separately ;  combining 
with  especial  reference  to  tens. 

2.  When  a  term  is  repeated  several  times  in  a  column,  multiply  it  by  tlie 
number  of  times  it  is  repeated,  and  use  the  result. 
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SUBTRACTION. 

92m  Subtraction  is  the  process  of  finding  the  difference 
between  two  numbers. 

93.  The  Difference  between  two  numbers  is  a  number 
which,  added  to  the  less,  equals  the  greater. 

94.  The  Subtrahend  is  the  number  to  be  subtracted. 

95.  The  Minuend  is  the  number  from  which  we  subtract. 

96.  The  Sign  of  Subtraction  is  — ,  and  is  read  minus. 
[t  denotes  that  the  number  immediately  following  it  is  to  be 
subtracted  from  the  number  preceding  it. 

Notes. — 1.  The  Sign  of  SvbtractUm  is  a  short  line  in  the  Hue  of  writihg. 
2.  The  symbol  —  was  introduced  by  Stifeliu»^  a  German  mathematician, 
ja  a  work  published  in  1544. 


1.  Similar  numbers  only  can  he  subtracted, 

2.  Units  of  the  same  order  only  can  be  directly  subtracted, 

3.  The  difference  is  a  number  similar  to  the  minuend  and 
subtrahend. 

4.  If  the  minuend  and  subtrahend  be  equally  increased 
or  diminished,  the  difference  will  remain  the  same. 

PROBLEM. 

9T«    To  find  tJie  dlffere^ace  between  two  nufnbers, 

98.  There  are  Two  Methods  of  explaining  subtraction, 
called  the  Method  by  Borrowing,  and  the  Method  by  Adding 
Ten. 

Note. — The  takings  one  from  the  term  of  the  minuend  is  called  borrowinffy 
and  the  adding  one  to  the  next  term  of  the  subtrahend  is  called  carryifig, 

1.  Subtract  365  from  647. 

Solution  by  Borrowing. — We  write  the  snbtra-      operation. 
hend  under  the  minuend  and  begin  at  the  right  to  g^y 

subtract.     5  units  from  7  units  leave  2  units,  which  g^-^ 

we  write  under  the  units ;   we  cannot  subtract  6  tens  -  - - 

from  4  tens,  we  will  therefore  take  1  Lundred  from  2°^ 

the  6  hundreds  and  add  it  to  the  4  tens  ;    1   liundred 
equals  10  tens,  which  added  to  4  tens,  equal  14  tens;   6  tens  from  14 
tons  leave  8  tens,  which  we  write  in  tens  place:   3  hundreds  from  5 
hundreds   (the  number  of  hundreds  remaining  after  taking   away  1 
himdred)  leave  2  hundreds,  which  we  write  in  the  hundreds  place. 
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Solution  by  Adding  Ten. — 5  units  from  7  units  leave  2  units ;  we 
cannot  take  6  tens  from  4  tens,  we  will  therefore  add  10  tens  to  the  4 
tens,  making  14  tens ;  6  tens  from  14  tens,  leave  8  tens :  now  since  we 
have  added  10  tens,  or  1  hundred,  to  the  minuend,  our  remainder  will 
be  1  hundred  too  large,  hence  we  must  add  1  hundred  to  the  subtra- 
hend; 1  hundred  and  3  hundreds  are  4  hundreds;  4  hundreds  from  6 
hundreds  leave  2  hundreds. 

Rule.  —  I.  Write  the  subtrahend  under  the  minuend, 
placing  terms  of  the  same  order  in  the  same  column,  and 
draw  a  line  beneath. 

II.  Begin  at  units,  and  subtract  each  term  of  the  subtra- 
hend from  the  corresponding  term  of  the  minuend,  writing 
the  remainder  beneath, 

III.  If  any  term  of  the  subtrahend  is  greater  than  the 
corresponding  term  of  the  minuend,  add  10  to  the  latter 
and  then  subtract. 

I Y.  Add  1  to  the  next  term  of  the  subtrahend  (or  subtract  1 
from  the  next  term  of  the  minuend),  and  proceed  as  before. 

Proof. — Add  the  diflFerence  to  the  subtrahend,  and  if  the 
work  is  correct  the  sum  will  equal  the  minuend. 

Second  Method. — Subtract  the  difference  from  the  min- 
uend, and,  if  the  work  is  correct,  the  result  will  equal  the 
subtrahend. 

Note. — The  method  of  proof  by  excess  of  9'8  will  be  explained  hereaftei. 

2.  From  987435  take  369476.  Ans.  617959. 

3.  From  70432065  take  64545406.  Ana.  5886650. 

4.  From  80035007  take  7640094.  Ans.  72394913 

5.  From  95930—53428  take  5086.  Ans.  37466. 

6.  From  55159  take  75138—61859.  Ans.  41880. 

7.  From  604035—470647  take  90009—78087. 

Ans.  121466. 

8.  From  888888—99999  take  810000—188888. 

Ans.  167777. 
In  the  four  following  problems  subtract  the  second  num- 
ber from  the  first,  then  from  the  remainder,  etc.,  till  the  last 
remainder  is  less  than  the  second  number. 

9.  610000  and  155555.  Ans.  143335. 
10.  J  000008  and  245679.  Ans.  17292 
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11.  98765432  and  23456789.  Arns,  4938276. 

12.  9834064  and  1277045.  Ans.  894749. 


1.  If  a  farm  was  bought  for  $6770,  and  sold  for  $8025, 
what  was  the  gain  ? 

OPERATION. 

Solution. — If  a  farm  was  bought  for  $6770,  and  $8025 

Bold  for  $8025,  the  gain  was  the  difierence  between  iR'-ta 

$6770  and  $8025,  which  is  $1255.  -^i^ 

$1255  Am, 

2.  Having  $7570  in  bank,  I  added  enough  to  make  my 
deposit  $12000 ;  how  much  did  I  add  ?  Ans.  $4430. 

3.  A  speculator  lost  $5675,  then  gained  $4325,  and  then 
had  $5000  ;  how  much  had  he  at  first  ?  Ans.  $6350. 

4.  I  received  an  invoice  of  goods  amounting  to  $1876.25^ 
and  immediately  forwarded  a  draft  for  $987.75  on  account; 
what  balance  do  I  owe  ?  Ans.  $888.50. 

5.  I  invested  $7680  in  California  wheat,  giving  my  note 
for  $2875,  and  paying  the  balance  in  cash  ;  how  much  cash 
did  I  pay?  Ans.  $4805. 

6.  A  merchant  owed  a  jobber  $4653,  and  in  payment  gave 
him  two  checks  for  $1250  each ;  what  balance  was  due  the 
jobber?  Ans,  $2153. 

7.  A  dealer  in  stocks  gained  $25,500  one  year,  and  the 
following  vear  lost  $19,750,  and  had  $50,000  remaining; 
what  was  the  original  capital  ?  Ans,  $44,250. 

8.  Plato  was  born  430  B.  C,  and  Socrates  470  B.  C;  the 
former  died  347  B.  C,  the  latter  400  B.  C. ;  what  was  the 
difference  in  their  ages  ?  Ans.  13  years. 

9.  What  is  the  difference,  in  Roman  characters,  between 

M  and  LXXVDCCIII  ?  Ans.  DCCCCXXTVCCXCYII. 

10.  What  is  the  difference  between  1  duodecillion  and  1 
quadrillion,  and  how  many  figures  will  express  it  ? 

Ans,  39  figures. 

11.  What  is  the  difference  between  28  decillion  143  quad- 
rillion 705  billion  96  million  6  thousand  and  5,  expressed  in 
the  English  and  French  methods  V 

Ans.  A  number  of  62  figures. 
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IS.  If  a  coal  merchant's  gaios  iacrease  |542(>  annually 
for  six  successive  years,  and  tbe  last  year  hia  gains  amount 
to  $39,765,  what  were  the  first  year's  gains?  Ans.  11209. 

18.  An  assignee  Tound  the  assetsof  an  estate  supposed  to 
be  worth  ¥20,000,  $3575  more  than  the  liabilities,  which 
were  |5860  less  than  tbe  supposed  value  of  the  estate;  what 
were  the  assets?  Ans.  $lt,715. 

14.  What  is  the  difference  between  5  septillion  10  sextil- 
lion  3  quintillion,  expressed  in  the  Englisb  and  French 
methods,  the  answer  to  be  written  in  the  English  nietlioa  f 

Am.  5  septillion  10  sextillioa  2  quintillion  999994  quad- 
rillion 989991  trillion. 

15.  A  gentleman  havingan  estate  of  $253, T60,  bequeatbed 
$20,200  to  each  of  bis  two  sons,  $24,000  to  his  daughter,  to 
his  widow  as  much  as  to  all  the  children,  and  tbe  remainder 
af  bis  estate  to  a  college;  what  did  tbe  widow  and  college 
receive?  Am.  Widow,  $64,400;  College,  $124,960. 

16.  A  man  bought  a  horse  fur  $200,  but  seeing  another 
he  liked  better  traded  him  off,  giving  $25  to  boot;  receiving 
a  good  offer  for  this  one,  he  traded  again,  receiving  $75 ;  he 
traded  again,  paying  $60,  and  finally  sold  tbe  last  one  foi 
$1T5  ;  what  did  he  lose  by  his  bargains  ?  Ans.  $35. 

17.  Find  the  balance  of  the  following  ledger  account: 
Djt.  JOSBS  &  Mahbton.  Ch. 


1H7K 

To  Merubandise, 

aiTS'oo 

M 

"  Suniiries, 

ttoIoo 

"  Merchandise, 

im 

Ml 

ill 

7fi 

« 

M 

:ifi 

11 

"  SundriM, 

1*74 

"  MerthaudiBU, 

Ma 

50 

To  Balance, 

,J.„ 
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CONTEACTIONS  IN  SUBTRACTION. 

99.  Contractions  in  Subtraction  are  abbreviated 
methods  in  subtracting. 

CASE  I. 

100.  To  Hubtrui't  a  numbed'  by  subtracting  frotn  10 
and  then  adding » 

1.  Subtract  25368  from  63524. 

OPERATION. 

SoT.UTiON. — 8  from  10  leaves  2,  and  4  are  6 ;  6  and  63524 

1  are  7,  7  from  10  leaves  3,  and  2  are  5 ;  3  and  1  are  25368 
4,  4  from  5  leaves  1 ;  5  from  10  leaves  5,  and  3  are  8 ; 

2  and  1  are  3,  3  from  6  leaves  3.  ^^^^ 

Rule. —  When  a  term  of  the  subtrahend  is  greater  than 
the  corresponding  term  of  the  minuend,  subtract  the  former 
from  10,  and  add  the  remainder  to  the  latter ;  when  not 
greater y  subtract  by  the  ordinary  rule. 

Notes. — 1.  We  may  apply  this  rule  to  all  the  terms  by  omitting  to  carry 
when  the  sum  is  p:reater  than  9. 

2.  The  reason  for  this  method  will  be  readily  seen.  The  pupil  may  be 
required  to  explain  it. 

2.  Subtract  54062  from  82547  ;  68975  from  97460;  T9240 
from  107725  ;  34651  from  63136.  Ans,  28485. 

3.  Subtract  346978  from  543217;  556324  from  752563; 
789313  from  985552;  153454  from  349693.    Ans.  196239. 

4.  Subtract  54321  from  93213;  679543  from  718435; 
439765  from  478657  ;  974512  from  1013404.    Ans.  38892. 

CASE  II. 

101.  To  subtract  two  or  more  numbers  at  a  single 
operation, 

1.  Subtract  546  and  365  from  1364. 

OPERATION. 

Solution. — 5  and  6  are  11,  and  since  3  more  will  23^4 

make  14,  we  write  3  for  the  first  term  of  the  remain-  -— ^ 

der;  6  and  1  are  7  and  4  are  11,  and  since  5  more  ^^!? 

makes  16,  we  write  5  in  the  remainder ;  3  and  1  are  4  Z—. 

and  5  are  9,  and  since  4  more  makes  13,  we  write  4  in  453 
the  remainder. 

Rule. —  Write  the  several  subtrahends  under  the  minuend, 
%dd  each  column  of  the  subtrahends,  and  write  for  the  re- 
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piatnd^r  a  term  which,  added  to  this  sum,  vrill  give  a  num- 
ber having  for  its  unit  term  the  correi>ponding  term  of  the 

minuend. 
NoTS. — Observe  the  same  rule  in  carrying  as  in  addition. 

(2)  (8)  (4)  (5) 

From    7845  From    12978        From    866346        From    1000000 


(1472  i  7934  f  432157  ( 

Take  ^3456  Take  ^2561        ^,,^1  154337         Take^ 

(  864  (  1278        AaKe<  ^23786  ( 


(,  79584 


543655 
314133 
142212 


6.  A  speculator  boaght  a  lot  of  land  for  $413,  a  second 
lot  for  $420,  a  third  for  $519,  and  a  fourth  for  $607;  he  sold 
the  whole  for  $2200  ;  what  was  his  gain  ?  Ans,  $241. 

-  7.  A  man  having  an  estate  of  $60,523,  left  $19,500  to  his 
son,  and  $19,500  to  his  daughter;  several  small  legacies  and 
the  expenses  amounted  to  $1519;  and  what  remained  was 
to  be  the  share  of  the  widow ;  how  much  did  the  widow  re- 
ceive? Ans.  $20,004. 

S*  The  area  of  the  land  surface  of  the  globe  is  said  to  be 
48,998,388  square  miles;  the  area  of  Asia  is  15,086,000 
square  miles,  of  Africa  10,936,000,  of  North  America 
8,160,000,  of  South  America  6,552,00^.  of  Europe  3,764,388; 
what  is  the  area  of  Oceanica  ?  Ans.  4,500,000. 

FX2ACTZCAL.    FHOBLiSMS. 

1.  I  received  a  bill  of  goods  amounting  to  $1575.75,  and 
remitted  two  drafts  of  $578.25  and  $692.85  respectively; 
what  is  the  balance  ?  Ans,  $304.65. 

2.  A  man  bad  in  bank  $15,000,  deposited  $3875,  drew  out 
$8725,  and  then  put  in  enough  to  make  his  deposits  $20,000; 
what  was  his  last  deposit?  Ans,  $9850. 

8.  A  speculator  lost  $18,000  in  oil,  then  gained  $15,750 
ou  grain,  and  then  lost  $19,250  in  "Erie,"  which  exhausted 
his  capital;  what  was  his  capital?  Ans.  $21,500. 

4.  A  speculator  gained  $1050  one  year,  the  next  year  he 

lost  as  much  again  as   he  had  gained,  and  the   next   year 

gained  as  much  again  as  he  had  lost,  and  then  bad  $50,000: 

with  what  capital  did  he  begin  ?  Ans.  %\^  850 
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6.  A  geDtleman  by  bis  will  divided  an  estate  of  $40,160 
as  follows:  his  son  to  bare  110,000;  each  of  his  three  daugh- 
ters $5,JT5,  and  the  widow  the  remainder;  what  did  tbo 
widow  receive?  An«.  $14,325. 

e.  Two  brothers,  A  and  6,  bad  each  $25,000;  A  loaned 
B$T,500andthen borrowed ofhini  $15,450,aDdloatso  much 
of  it  in  BpecuIatioQ  that  B  had  $7050  more  than  A;  how 
much  did  A  lose  F  Ans.  $22,950. 

7.  Dr.  Willard  receives  the  following  bill  from  George 
Jobson:  1  barrel  of  kerosene,  $18.15;  2  barrels  of  flonr, 
$19.75  ;  25  lb.  of  sugar,  $3.62^ ;  be  presents  at  the  same  time 
bis  bill  as  follows:  for  medical  services,  $11.50;  medicines, 
$3.45  ;  vf  bat  is  the  balance,  and  in  whose  favor  ? 

AnB.  $27.17^  in  Jobson's  favor. 

8.  Hood  &  Martin  bought  of  Chambers  &  Rogers  the 
following  goods :  1  piece  blue  anchor  cloth,  $215.16 ;  2  pieces 
black  cloth,  $91.80  ;  I  piece  doeskin  cassimere,  $45 ;  2  pieces 
black  ribbed  cloth,  $102.69.  Chambers  &  Rogers  bought  of 
Hood  &  Martin  as  follows:  1  piece  red  twilled  flannel, $24.30; 
2  pieces  blue  twilled  flannel,  $48.95;  1  piece  white  domestic 
flannel,  $10.08;  what  was  the  balance  due  Chambers  &. 
Rogers?  Ann.  $371.32. 

9.  Required  the  balance  of  the  following  account  in  my 
bank  book: 


1875. 



1  1875. 

" 

Jan. 

S3 

To  balance, 

69T 

)7|.Feb. 

1 

ByClik.fa'rRoth, 

'I    "      "  Zaun, 

IW 

00 

86 

■'Sead'gilivl'd, 

62 

48 

eo 

Feb. 

"Certir.  deposit, 

1300 

M 

13 

'■    "      "  Baker, 

1200 

00 

Mar. 

31 

"  4  checks, 

TM 

00 

30 

"    "      "  Passmore 

27 

19 

Apr. 

3 

"Cash, 

laoo 

Mar. 

6 

■■    "      "  Behmer, 

342 

18 

13 

■■  Pa.  R.R.  scrip, 

505 

63 

Apr. 

34 

"    "      ■'  Hiesland, 

2000.00 

S« 

"Cert,  and  Int., 

1013 

50 

May 

13 

"    "      "  Hager  & 

June 

4 

"Un'nPac'cdlv. 

m 

SO 

Bro., 

37 

80 

0 

"Pa.  R.R.dly., 

BS4 

IS 

"    "     "  Mason  & 

10 

"  Check, 

134T 

71 

Hamlin, 

117 

SS 

20 

189 

30 

20 

"    "     "  Insurance 

■* 

34 

'■Cheiks,' 

3000 

OO 

Juno 

Co., 
■'  Certif.  depoBtt, 
"  Railroad  stock. 

1S08 
1200 
2387 

90 
00 
GO 

— 

- 

June 

. 

"  Balance, 
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MULTIPLICATION. 

10!3«  Multiplication  is  the  process  of  finding  the  pro- 
duct of  two  numbers. 

103.  The  Product  of  two  numbers  is  the  result  obtained 
by  taking  one  number  as  many  times  as  there  are  units  in 
another. 

104.  The  Multiplicand  is  the  number  to  be  multiplied. 

105.  The  Multiplier  is  the  number  by  which  we  mul- 
tiply. 

106.  The  Sign  of  Multiplication  is  x,  and  is  read 
multiplied  by,  times,  or  into.  When  placed  between  two 
numbers  it  denotes  that  one  is  to  be  multiplied  by  the 
other. 

NoTBS. — 1.  The  Sign  of  Multiplication  consists  of  two  short  lines  of  equa] 
length  bisecting  each  other  at  an  angle  of  45  degrees  with  the  line  of  writing. 

2.  The  symbol  X  was  introduced  by  Wm,  Otightredy  an  English  mathe- 
matician, bom  in  1574. 


1.  The  multiplier  is  always  an  abstract  number. 

For,  the  multiplier  shows  the  numher  of  times  that  the  multiplicand 
is  taken ;  hence  it  cannot  be  yards  or  buslidSf  or  any  other  concrete 
number. 

2.  The  product  is  always  similar  to  the  multiplicand. 

Thus,  4  times  5  dollars  are  20  doUarSj  and  not  20  yards  or  20  days,  or 
anything  else  besides  dollars, 

3.  Tlie  product  of  two  numbers  is  the  same  whichever  is 
made  the  multiplier, 

Thiis,  the  12  stars  in  the  diagram  may  be  regarded  as  *  *  *  * 
3  foarSf  or  as  4  threes;  hence  3  times  4  equals  4  times  3,  *  *  *  * 
and  the  same  may  be  shown  of  any  other  number.  *  *  *  * 

4.  If  the  multiplicand  be  multiplied  by  all  the  parts  of 
the  multiplier f  the  sum  of  all  the  partial  products  will  be 
the  true  product. 

This  is  evident  from  the  axiom  that  the  whole  is  equal  to  the  sum 
of  all  the  parts. 

NoTB. — From  Prin.  1  we  see  that  such  problems  as  '*  multiply  25  renta 
by  25  cents,"  or  "2  shillings  and  6  pence  by  itself,"  are  impossible  and 
absurd. 
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107*  To  mtUtiply  one  number  by  another. 

I.  Multiply  685  by  345. 

Solution. — We  write  the   multiplier  under  the     operatioh* 
amltiplicand,  and  draw  a  line  beneath.    5  times  5  ^35 

units  are  25  units,  or  2  tens  and  5  units ;  we  write  the  3^ 

5  units  and  carry  the  2  tens ;    5  times  8  tens  are  40 
tens,  plus  2  tens,  are  42  tens,  or  4  hundreds  and  2  otIa 

tens  ;    we  write  the  2  tens  and  carry  the  4  hundreds;  oo^a 

5  times  6  hundreds  are  30  hundreds,  plus  4  hundreds,  ^^00 

are  34  hundreds,  which  we  write :  in  the  same  way  we  236325 

find  4  tens  times  685  are  2740  tens^  and  3  hundred 
times  685  are  2055  hundreds;  adding  these  partial  products  we  have  5 
units4-4  tens4-3  hundreds  times  685,  or  345  times  685,  which  is  236325. 

Rule. — I.  Write  the  multiplier  under  the  multiplicand, 
placing  terms  of  the  same  order  in  the  same  column,  and 
draw  a  line  beneath, 

II.  Begin  at  the  rights  and  multiply  the  multiplicand  by 
pach  term  of  the  multiplier,  writing  the  first  term  of  each 
product  under  the  term  of  the  multiplier  which  produces  it. 

III.  Add  the  partial  products,  and  their  sum  will  be  the 
entire  product. 

Proof. — Multiply  the  multiplier  by  the  multiplicand,  and 
if  the  work  is  correct  this  product  will  equal  the  first  product. 

Notes. — 1.  When  there  are  ciphers  between  the  significant  terms  of  tlip. 
multiplier,  pass  over  them  and  multiply  by  the  significant  terms  alone. 

2.  We  begin  at  the  right  to  multiply,  so  that  wheu  any  product  exceeds 
nine,  we  may  add  the  number  expressed  by  the  left  hand  figure  to  the 
next  product. 

Multiply 

2.  4276  by  394.  Ans,  1684744. 

3.  5364  by  207.  Ans.  1110348. 

4.  8075  by  3165.  Ans.  25557375. 

5.  2856  by  6124.  Ans,  17490144. 

6.  31876  by  3256.  Ans,  103788256. 

7.  48306  by  2078.  Ans.  100379868. 

8.  61357  by  3851.  Ans.  236285807. 

9.  86195  by  4287.  Ans,  369517965. 

10.  38056  by  3075.  Ans.  117022200. 

11.  91654  by  41652.  Ans.  3817572408. 

12.  43729  by  50706.  Ans   2217322674. 
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13.  384615  by  65078.  Ana.  25033879650. 

14.  8T65932  by  850704.        Ana,  7457213416128. 

15.  1234567  by  4600407.       Ans.  5679510668769. 


1.  At  37  dollars  a  ton,  what  will  be  the  cost  of  796  tons 
of  pig  iron  ? 

OPEKATION. 

Solution.— If  1  ton  cost  $37, 796  tons  will  cost  796  ygg 

times  $37,  which  we  find,  multiplying  796  by  37  for  37 

convenience,  to  be  $29452. 

2.  What  will  be  the  cost  of  691000  Philadelphia  pressed 
brick  at  $33  a  thousand?  Ans.  $22,803. 

3.  A  grocer  bought  46  barrels  of  superfine  flour  at  $12.50 
per  barrel,  and  75  barrels  of  corn  meal  at  $4.50  per  barrel ; 
what  was  the  whole  cost?  Ans.  $912.50. 

4.  If  a  man  spends  25  cents  a  day  for  cigars,  how  much 
will  he  spend  in  40  years,  allowing  for  ten  leap  years,  there 
being  52  weeks  and  one  day  in  a  year,  and  7  days  in  a 
week?  Ans.  $3652.50. 

6.  In  a  freight  car  there  are  9  boxes  of  books,  each 
weighing  465  pounds;  12  barrels  of  pork,  each  weighing 
200  pounds;  and  45  boxes  of  shoes,  each  weighing  156 
pounds ;  what  was  the  weight  of  all  ?    Ans.  13605  pounds. 

6.  A  wholesale  druggist  sold  5  kegs  of  baking  soda  con- 
taining 112  lbs.  each,  at  6  cents  a  lb. ;  7  casks  of  washing 
Boda,  containing  300  lbs.  each,  at  3  cents  a  lb.,  15  boxes  of 
French  Castile  soap,  containing  30  lbs.  each,  at  16  cents  a 
lb. ;  and  50  dozen  cakes  of  perfumed  toilet  soap  at  75  cents 
a  dozen ;  what  did  the  whole  amount  to  ?      Ans.  $206.10. 

7.  A  lady  preparing  to  go  to  housekeeping  purchased  at 
Van  Harlingcn  and  Arrison's  1  piece  of  linen  sheeting, 
containing  38  yards,  at  45  cents  a  yard;  3  pieces  of  muslin 
sheeting,  containing  43  yards  each,  at  28  cents  a  yard ;  10 
yards  of  damask  table  linen  at  $1.25  a  yard;  15  yards  of 
better  quality  of  table  linen  at  $2  a  yard ;  1  dozen  napkins 
at  $2.50  a  dozen,  and  1  dozen  doilies,  at  $2  a  dozen ;  whai 
was  her  bill  ?  Ans.  $100.22. 
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CONTRACTIONS    IN    MULTIPLICATION. 

108.  Contractions  in  Multiplication  are  abbreviated 
methods  of  multiplying. 

109.  A  Composite  Number  is  the  product  of  two  or 
more  numbers,  each  greater  than  a  unit,  called  factors. 
Thus,  24  is  a  composite  number,  whose  factors  are  4  and  6, 
or  3  and  8,  or  2,  3,  and  4. 

no.  Continued  Multiplication  is  the  process  of  finding 
the  product  of  three  or  more  numbers  by  multiplying  the 
first  and  second,  this  result  by  the  third,  etc.  The  result  is 
the  Continued  Product. 


1.  The  product  of  two  numbers  is  equal  to  the  continued 
pi'oduct  of  one  number  by  the  factors  of  the  other. 

Thus,  27  multiplied  by  24  is  equal  to  27  multiplied  by  6  and  that 
product  by  4. 

2.  The  continued  product  of  several  factors  will  be  the 
same  in  whatever  order  the  factors  are  taken. 

Thus,  2x3x4  is  equal  to  2x4x3,  or  3x4x2,  or  to  the  product  id 
whatever  other  order  the  numbers  may  be  taken. 

CASE    I. 
111«  When  the  multiplier  is  a  composite  number, 

1.  Multiply  256  by  24. 

OPERATION. 

Solution. — 24  equals  4  times  6,  hence  24  times  266 

256  equals  4  times  6  times  256 ;  6  times  256  equals  6 

1536,  and  4  times  1536  equals  6144 ;  therefore  256  1536 

multiplied  by  24  equals  6144.    Hence  the  4 

"6144 
Rule. —  Multiply  the  multiplicand  by  one  factor^   this 

product  by  another  factory  and  thus  continue  until  all  the 

factors  have  been  used ;  the  last  product  will  be  the  result 

required. 
Multiply 

2.  367  by  28.         Ans.  10276. 

8.  764  by  35.         ^n«.  26740. 

4.  596  by  42.         ^ns.  25032. 

o.  4783  by  56.     ^ns.  267848. 


6.  2057  by  63.     Ans.  129591. 

7.  3895  by  72.     Ans.  280440. 

8.  4168  by  108.  Ans,  450144. 

9.  4796  by  144.  Ans.  690624 
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10.  What  cost  42  horses  at  175  dollars  each? 

OPERATION. 

Solution.— 42  equals  6  times  7 :  if  one  horse  costs  yj^ 

175  dollars,  7  horses  will  cost  7  times  175  dollars,  'j 

which  are  1225  dollars;  and  6  times  7  horses,  or  42 
horses,  will  cost  6  times  1225  dollars,  which  are  7350  ^^25 

dollars.    Therefore,  etc  ? 

7350 

11.  What  will  72  yards  of  cloth  cost  at  the  rate  of  $6.3£ 
a  yard  ?  Ans.  $457.20. 

12.  What  will  84  yoke  of  oxen  cost  at  the  rate  of  $13^ 
a  yoke?  Ans,  $11,340. 

13.  How  much  must  I  pay  for  grading  132  rods  of  rail- 
road at  $345  a  rod?  Ans.  $45,540. 

14.  A  farm  coatainiag  144  acres  of  land  was  sold  at  the 
rate  of  $296  an  acre;  for  what  did  it  sell ?     Ans.  $42,624. 

CASE  n. 

U.2m    When  ciphers  are  at  the  right  of  one  or  both 
factors. 

1.  Multiply  2700  by  120. 

OPERATION. 

Solution. — 27  multiplied  by  12  equals  324,  hence  2700 

2700  multiplied  by  12  equals  100  times  324,  or  32400 ;  120 

a)id  multiplied  by  120  will  be  10  times  as  much,  or  54 

324000.     (Prin.  1.  Art.  110.)  27 


324000 
Rule. —  Take  the' product  of  the  numbers  denoted  by  the 
significant  figures,  and  annex  as  many  ciphers  to  the  result 
as  are  found  at  the  right  of  both  factors. 

What  is  the  value 

2.  Of  3560x360?  Ans.  1281600. 

8.  Of  48700x450?  Ans.  21915000. 

4t.  Of  30900x670?  Ans.  20703000. 

6.  Of  28500x8500?  Ans.  242250000. 

6.  Of  67400x9600?  Ans.  647040000. 

7.  Of  865000x7800?  Ans.  6747000000. 

8.  Of  723000x9700?  Ans.  7013100000. 

9.  Of  3876000x35100?  ^n«.  136047600000. 
10.  Of  4264000  X  20400  ?  Ans.  86985600000. 


M 
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CASE    III. 

113«  When  one  part  of  the  multiplier  is  a  factor 
of  another  part* 

1.  Multiply  576  by  246. 

Solution. — In  this  example  6,  one 
part  of  the  multiplier,  is  a  factor  ot  24. 
the  other  part ;  hence  we  may  proceea 
thus:  6  times  576  equals  3456;  and 
24  times  576  equals  4  times  3456,  or 
13824,  which  we  write  as  tens:  taking 
the  sum  of  the  partial  riroducts,  we 
have  141696. 

2.  Multiply  43526  by  24832. 

Solution. — We  first  multiply  by  the  8  hundreds, 
writing  the  first  figure  in  hundreds  place ;  we  then 
multiply  this  product  by  4,  writing  the  first  figure  in 
units  place,  which  gives  32  times  the  number;  we 
then  multiply  the  first  product  by  3  and  write  the 
first  figure  in  thousands  place,  which  gives  24  thou- 
sand  times  the  number :  taking  the  sum  of  these  par- 
tial products,  we  have  the  entire  product.  1080837632 

Kllle. — I.  Multiply  the  multiplicand  by  some  term  of  the 
multiplier  which  is  a  factor  of  one  or  more  parts  of  the 
multiplier. 

II.  Multiply  this  product  by  a  factor  which,  taken  with 
the  terms  used,  will  produce  other  ^parts  of  the  multiplier, 
and  place  the  right  hand  term  of  the  product  under  the  right 
hand  term  of  the  part  of  the  multiplier  thus  used. 

III.  Continue  thus  until  the  entire  multiplier  is  used  ;  the 
sum  of  all  the  products  will  be  the  entire  product. 

What  is  the  value 


OPEBATION. 

676 
246 

3456  Prod,  by   6  units. 
13824^  Prod,  by  24  tens. 

141696  An\. 


OPEBATIOW. 

43526 
24832 

348208 
1392832 
1044624 


3.  Of  4675x355? 

4.  Of  7608x369? 

5.  Of  13524x428? 

6.  Of  37643x2807? 

7.  Of  57316x35728? 

8.  Of  618504x24642? 

9.  Of  730592x408848? 
10.  Of  395076x576426? 


Ans.  1659625. 

Ans.  2807352. 

Ans.  5788272. 

Ans.  105663901. 

Ans.  2047786048. 

Ans.  15241175568. 

Ans.  298701078016. 

Ans.  22773207837ft.. 


.  CASE    IV. 
114.   When  the  mvltiplier  differs  but  litUe  from,  lOQ, 
1000. 10000,  etc. 
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1.  Multiply  5607  by  996. 

OFESATION. 

Solution.— Since  996  equals  1000  minus  4,  996  ^q^ 

times  5607  is  the  same  as  1000  times  the  number  minus  gqq 

4  times  the  number ;  1000  times  5607  is  5607000,  and  k/^a^taaa 
4  times  5607  is  22428,  and  the  difference  is  5584572.  ^  „o^ 
Hence  the  ^^^^ 

5584572 

Kule. — Annex  to  the  multiplicand  as  many  ciphers  as  there 

are  terms  in  the  multiplier ;  multiply  the  multiplicand  by 

the  difference  between  the  multiplier  and  100,  1000,  etc,  and 

add  or  subtract  the  two  results  as  the  multiplier  is  greater 

or  less  than  100,  1000,  etc. 

Note. — This  rule  is  of  especial  value  when  the  multiplier  is  a  little  less 
than  100, 1000,  etc. 

What  is  the  value 

2.  Of  76573  X  93  ?  Ans,  712 1289. 
8.  Of  53781x998?  ^ns.  53673438. 
4c.  Of  64336  X  105  ?  Ans.  6755280. 
6.  Of  397842 X  9994  ?  Ans,  3976032948. 

6.  Of  587543 X  9989  ?  Ans.  5868967027. 

7.  Of  4^3721  X  9970  ?  Ans.  4722998370. 

8.  Of  5654321 X  99980  ?  Ans.  565319013580. 

9.  Of  7733447  X  998^00  ?  Ans.  7724166863600. 

fhacticaij  problems, 

1.  A  clerk's  salary  is  $25  a  week;  he  pays  $7.75  for  his 
l)oard,  and  $5.25  for  other  expenses ;  how  much  will  he  save 
in  a  year  ?  Ans.  $624. 

2.  A  man  is  north  of  Cincinnati  50  miles ;  if  he  should 
travel  south  15  days  at  the  rate  of  35  miles  a  day,  how  far 
would  he  be  from  Cincinnati  ?  Ans.  475  miles. 

8.  The  library  of  an  academy  consists  of  4  cases,  each 
containing  16  shelves,  and  each  shelf  averaging  77  books ; 
how  many  books  are  in  the  library  ?         Ans,  4928  books. 

4.  Stewart  &  Co.  bought  18  cases  French  chintzes,  each 
case  containing  45  pieces,  and  each  piece  34  yards,  at  17 
cents  a  yard  ;  what  was  their  bill  ?  Ans.  $4681.80. 

5.  A  shipping  firm  received  the  following  freight:  25 
hogsheads  tobacco  at  $10.50  a  hhd.;  3000  quartet«»  ^^  ^V^^cv. 
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at  S2  a  quarter,  and  4000  barrels  of  petroleum  at  $1.10  a 
barrel;  what  was  the  amount  received?    An8.  $10,662.50. 

6.  G.  Pidcock  &  Co.  bought  Ohio  sheep  as  follows :  209, 
averaging  Y9  lbs.  each,  at  6  cents  per  lb.;  108,  averaging 
100  lbs.,  at  7  cents  per  lb. ;  68,  averaging  56  lbs.,  at  5  cents 
per  lb. ;  and  90  Canadian  lambs,  averaging  77  lbs.,  at  8 
cents  per  lb. ;  they  sold  the  whole  at  an  average  price  per 
head  of  $6  ;  what  was  their  profit,  deducting  $67.20  for 
expenses?  Arts,  $291.34. 

7.  A  bankrupt  failed  for  $100,000  ;  his  assets  were  as  fol- 
lows: a  farm  of  450  acres,  worth  $97  an  acre;  a  house 
worth  $25,000 ;  55  shares  New  York  Central  Railroad,  at 
$101  a  share;  99  shares  Pacific  Mail  at  $39  a  share;  and 
155  shares  Western  Union  Telegraph  at  $82  ;  what  remains 
unpaid  ?  Arts.  $9224. 

8.  A  commission  merchant  in  Philadelphia  sold  the  fol- 
lowing consignment  from  Cincinnati:  200  barrels  prime  mess 
pork  at  $19  per  barrel;  1990  lbs.  pickled  hams  at  11  cents 
per  lb. ;  996  lbs.  smoked  hams  at  13  cents  a  lb.,  and  1080  lbs. 
of  lard  at  14  cents  per  lb.;  in  return  he  forwarded  150  bar- 
rels crushed  sugar,  200  lbs.  each,  at  11  cents  per  lb.,  and  the 
remainder  he  paid  by  draft;  what  was  the  amount  of  the 
draft?  Am,  $999.58. 

9.  A  wool  dealer  in  New  York,  on  making  up  his  accounts 
for  the  week  ending  December  18,  1875,  found  his  purchase 
to  be  as  follows:  Smyrna  unwashed  fleeces,  450  lbs.,  at  20 
cents ;  Syrian  washed,  230  lbs.,  at  33  cents;  Donskoi  washed, 
140  lbs.,  31  cents;  Cape  of  Good  Hope,  75  lbs.,  36  cents. 
During  the  same  time  his  sales  were  as  follows:  Texas  fine, 
Eastern,  250  lbs.,  30  cents;  medium,  190  lbs.,  29  cents; 
Texas,  Western,  81  lbs.,  20  cents;  California  Spring  Clip, 
superior,  unwashed,  150  lbs.,  33  cents ;  coarse,  120  lbs.,  22 
cents;  burry,  75  lbs.,  15  cents;  what  are  the  amounts  of  the 
purchases  and  sales  for  the  week,  and  what  is  the  balance  of 
iJbe  account  ?  Ans.  $2.85. 
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DIVISION. 

115«  Division  is  the  process  of  finding  the  quotieiii  of 
1^0  numbers. 

110«  The  Quotient  of  two  numbers  is  a  number  which 
expresses  how  often  one  number  is  contained  in  another. 

117«  The  Dividend  is  the  number  to  be  divided. 

118«  The  Divisor  is  the  number  by  which  we  divide. 

119«  The  Remainder  is  the  number  which  is  sometimes 
left  after  dividing. 

ISO.  The  Terms  in  Division  are  the  Dividend,  the  Z>i- 
tt'sor,  and  the  Quotient, 

121.  The  Sign  of  Division  is  -t-,  and  is  read  divided 
by.  It  denotes  that  the  number  preceding  it  is  to  be  divided 
by  the  number  following  it. 

Division  is  also  indicated  by  writing  the  divisor  beneath  the  dividend 
with  a  line  between  them ;  or  by  writing  the  divisor  at  the  left  of  the 
dividend  with  a  curved  line  between  them  ;  thus,  ^,  also  8)24. 

Notes. — The  Sign  of  Division  is  a  short  line,  in  the  line  of  writing,  with 
lots  above  and  below  the  middle  of  it. 

2.  The  symbol  -~  was  introduced  by  Dr.  John  Pell,  an  English  mathe- 
matician,  bom  in  1610. 


1.  The  divisor  and  dividend  are  always  similar  numbers 

For,  it  is  evident  that  any  number  can  be  contained  only  in  a  similar 
number ;  and  also  that  no  number  of  times  one  concrete  number  can 
equal  a  concrete  number  of  another  kind. 

2.  The  quotient  is  always  an  abstract  number. 

For,  since  the  quotient  shows  how  many  times  the  divisor  is  contained 
in  the  dividend,  it  cannot  be  opp/es  tivfies  or  peaches  timeSf  but  simply  au 
abstract  number  of  times. 

3.  The  remainder  is  a  number  similar  to  the  dividend. 

For,  since  it  is  an  undivided  part  of  the  dividend,  it  must  be  of  tho 
iame  unit  as  the  dividend. 

4.  If  all  the  parts  of  the  dividend  be  divided  by  the  divir 
sor,  the  whole  dividend  will  be  divided  by  it. 

For,  all  the  partial  quotients  taken  together  will  evidently  be  equal 
lo  the  entire  quotient. 

Note. — ^These  principles  are  theoretically  true,  though  in  practice  we 
!o  sometimes  divide  by  an  abstract  number  and  obtain  a  concrete  quotieni. 
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122*  To  divide  one  number  by  anotlt^r. 

I.  Divide  7872  by  32. 

Solution. — 32  is  not  contained  in  7  thousands  operatioit. 

any  thousands  times,  hence  there  are  no  thousands  32)7872^246 

in  the  quotient:  7  thousands  and  8  hundreds  are 78  qa 

hundreds ;  32  is  contained  in  78  hundreds  2  hun-  — 

dreds  times ;  2  hundreds  times  32  are  G4  hundreds,  ^f^ 

which  subtracted  from  78  hundreds  leave  14  hun-  ^^ 

dreds :  14  hundreds  and  7  tens  are  147  tens ;  32  is  192 

contained  in  147  tens  4  tens  times ;  4  tens  times  32  192 
are  128  tens,  which  subtracted  from  147  tens,  leave 
19  tens:  19  tens  with  2  units  are  192  units;  32  is  contained  in  19i 

units  6  units  times ;  6  units  times  32  are  192  units.  Hence  the  quotient 
is  246. 

Rule. — I.  Draw  curved  lines  at  both  sides  of  the  dividend^ 
and  place  the  divisor  at  the  left.    • 

II.  Divide  the  number  expressed  by  the  fewest  terms  ai 
the  left  that  will  contain  the  divisor ^  and  place  the  quotient 
at  the  right, 

III.  Multiply  the  divisor  by  this  quotient ^  write  the  product 
under  the  partial  dividend^  subtract^  and  to  the  remainder 
annex  the  next  term  of  the  dividend, 

IV.  Divide  as  before,  and  thus  continue  until  all  the  terms 
of  the  dividend  have  been  used, 

Y,  If  any  partial  dividend  will  not  contain  the  divisor , 
place  a  cipher  in  the  quotient,  annex  the  next  term  of  the 
dividend,  and  proceed  as  before, 

VI.  When  there  is  a  final  remainder,  annex  it,  with  the 
divisor  written  beneath,  to  the  integral  part  of  the  qux)tient. 

Note. — ^When  the  divisor  does  not  exceed  ^,  we  usually  draw  a  line 
under  the  dividend,  and  write  the  quotients  beneath,  doing  the  rest  of  the 
work  mentally.  This  is  called  Short  Division  ;  the  other  method  is  called 
Long  Division. 

Proof. — Multiply  the  integral  part  of  the  quotient  by  the 
divisor,  and  add  the  remainder,  if  any,  to  the  product ;  if 
the  work  is  correct  the  result  will  be  equal  to  the  dividend. 

Notes. — I.  The  pupils  will  notice  that  there  are  Jive  operations  :  1st, 
Write  t?ie  numbers  /  2d.  Divide  /  3d.  Multiply  /  4th.  Subtraet ;  6th.  Bring 
down, 

n.  Pupils  often  have  difficulty  in  finding  the  correct  quotient  figure  ;  this 
(Mfficulty  can  be  greatly  diminished  by  attention  to  the  following  sugges- 
tions : 
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1st  Noti  36  how  often  the  left  hand  term  of  the  divisor  is  contained  in  the 
term  or  terms  of  the  partial  dividend,  as  far  from  the  right  hand  term  a& 
the  left  hand  term  in  the  divisor  is  from  the  right  hand  term. 

2d.  If,  when  we  multiply,  the  product  is  greater  than  the  partial  divl- 
dendy  the  quotient  term  must  be  diminished. 

Sd.^  If,  when  we  subtract,  the  remainder  is  greater  than  the  divisor,  the 
quotient  term  must  be  increased. 

m.  We  commence  at  the  left  to  divide,  so  that  the  remainder  can  be 
anited  to  the  number  of  units  of  the  next  lower  order,  giving  a  new  partial 
dividend.    The  sign  -|-  is  used  to  denote  a  remainder. 

Divide 

2.  20149917  by  846.  Ans.  23817+ 

3.  12840243  by  2135.  Am.  6014+. 

4.  13824979  by  6734.  Ans.  2053+. 
6.  8074984  by  6328.  Am.  1276+. 

6.  237925094  by  2222.  Ans.  107077. 

7.  21621825225  by  9009.  Aiis.  2400025. 

8.  426510892284  by  60404.  Ans.  7060971. 

9.  213255462816  by  60408.  Ans.  3530252. 

10.  137081638980  by  49335.  Ans.  2778588. 

11.  1378921500  by  55714.  Ans.  24750. 

12.  468761197905  by  555555.  Ans.  843771. 
18.  48924056844  by  69543.  Ans.  703508. 
14.  27844312576  by  73256.  Ans.  380096. 

16.  48384751874346  by  590778.  Ans.  81900057. 
IB.  5299770856733656  by  7904207.  Ans.  670500008. 

17.  2016722783975663729  by  41927081. 

Ans.  48100720009. 

FHACTICAIj    PROBI.EMS, 

123*  In  Division  there  are  two  classes  of  practical 
problems: 

Ist.  To  find  the  number  of  equal  parts  of  a  number. 
2d.  To  divide  a  number  into  equal  parts. 

CASE   I. 
124«  To  find  the  number  of  equal  parts  of  a  number. 

1.  At  95  dollars  each,  how  many  oxen  may  be  bought  for 

3040  dollars? 

Solution. — If  95  dollars  will  buy  one  ox,  3040  dollars  will  buy  as 
many  oxen  as  95  dollars  are  contained  times  in  3040  dollars,  which 
•re  32.    Therefore,  etc 
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2.  At  54  dollars  a  share^  how  many  shares  of  bank  stock 
eaa  be  purchased  for  333234  dollars  ?       Ana,  6171  shares. 

8.  If  a  student,  on  a  pedestrian  tour,  walks  134  miles  a 
week,  how  many  weeks  would  it  take  him  to  walk  238788 
miles?  Ans,  1782  weeks. 

4.  If  the  construction  of  a  railroad  cost  $116,188,800,  how 
long  was  the  road,  provided  it  was  built  at  the  rate  of 
$470,400  a  mile  ?  Ans.  247  miles. 

5.  If  a  banker  has  a  net  gain  of  $7,420  annually,  how 
long  will  it  take  him  to  pay  for  a  farm  of  175  acres  at  $212 
per  acre  ?  Ans,  b  years. 

6.  A  man  traded  7425  acres  of  woodland,  worth  48  dollars 
an  acre,  for  farm  land,  worth  144  dollars  an  acre ;  how  many 
acres  did  he  receive  ?  Ana.  2475  acres. 

7«  Suppose  that  A  and  B  are  2376  miles  apart  and  ap- 
proach each  other,  A  traveling  15  miles  an  hour  and  B  18 
miles  an  hour;  in  how  many  hours  will  they  meet? 

Ans  72  huars. 

8.  A  man  has  $39,180  which  he  wishes  to  invest  in  land. 
He  buys  246  acres  at  $145  an  acre  ;  how  many  acres  can  he 
buy  with  the  balance  of  the  money,  at  $130  an  acre  ? 

Ans.  27  acres. 

9.  How  many  two-horse  phaetons  worth  $245  apiece 
could  be  bought  for  the  value  of  348  horses  worth  $234  each, 
and  $643  in  money  ?  Ans.  335  phaetons. 

10.  A  man  bought  140  acres  of  land  for  $10,500,  and  sold 
95  acres  at  $125  an  acre ;  at  what  price  per  acre  must  he 
sell  the  remainder  to  gain  $5,425  ?  Ans.  $90. 

11.  A  speculator  wishes  to  trade  land  worth  $95  an  acre 
for  73  acres  at  $125  an  acre,  and  gain  $290  on  this  estimate 
of  values  by  the  exchange ;  how  many  acres  will  he  ex- 
change? Ans.  93  acres. 

CASE    II. 

12S*  To  divide  a  number  into  eqtiai  parts. 

1.  Divide  456  into  6  equal  parts. 
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Solution. — If  we  divide  456  into  6  equal  parts,      operatiom. 
each  part  is  i  of  456 :  ^  of  45  tens  is  7  tens  and  3  tens  6)456 

remaining ;  3  tens  and  6  units  equal  36 ;  ^  of  36  is  6 ; 
hence  J  of  456  is  76,  or  76  is  one  of  the  6  equal  parts  ' " 

of  456. 

2.  Divide  16512  into  12  equal  parts.  Ans.  13Y6. 

3.  Divide  42228  into  18  equal  parts.  Ans,  2346. 

4.  Divide  T3260  into  31  equal  parts.  Ans.  1980. 

5.  Divide  52224  into  64  equal  parts.  Ans.  816. 

6.  Messrs.  Wilson  and  Co.  purchased  24  shawls  for  $840; 
what  did  they  cost  apiece  ? 

OPEBATION. 

Solution.- -If  24  shawls  cost  $840,  one  shawl  will        24)840(35 
cost  one  twenty-fourth  of  $840,  which,  by  division,  72^ 

we  find  is  $35.    Therefore,  etc.  120 

120 

7.  Messrs.  Taylor  &  Brother  bought  37  sets  of  furs  for 
$6068;  what  did  they  pay  per  set?  Ans.  $164. 

8.  A  young  man  shared  a  legacy  of  $24, T  80  with  each  of 
his  5  brothers,  and  another  legacy  of  $14,300  with  each  of 
his  4  sisters ;  what  sum  did  he  receive  ?  Ans.  $6990. 

0.  I  bought  a  farm  of  136  acres  for  $8568,  and  sold  93 
acres  of  it  at  $75  an  acre,  and  the  remainder  for  what  it 
cost;  how  much  did  I  gain  by  the  bargain  ?     Ans.  $1116. 

10.  Miss  Atherton  bought  235  shares  of  Northern  Central 
Railroad  stock  for  $10,575,  and  sold  a  part  off  for  $7448  at 
$56  a  share;  how  many  shares  remained  and  what  was  the 
gain  on  those  sold  ?     Ans.  Rem.,  102  shares;  gain,  $1463. 

11.  Bought  a  farm  for  $35,380,  and  having  made  improve- 
ments valued  at  $3420,  I  sold  one-half  of  it  for  $21,750  at 
$75  an  acre ;  how  many  acres  did  I  purchase,  and  at  what 
price  per  acre?  Ans.  580  acres;  $61  an  acre. 

12.  An  army  contractor  bought  some  horses  for  $18,750, 
sold  part  of  them  for  $4725  at  $135  apiece,  and  lost  $15  on 
each  horse  sold ;  and  subsequently  sold  the  remainder  so  as 
to  gain  $375  on  the  whole ;  at  what  rate  were  the  remainder 
Hold?  Ans.  $160  apiece 
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OONTRACrriONS    IN    DIVISION. 

VM.  Gontractdons  in  Division  are  abbreviated  forma 
of  dividing. 

127.  Successive  Division  is  the  process  of  dividing  one 
number  by  another,  the  quotient  by  a  second  divisor,  etc. 
Successive  division  is  the  reverse  of  continued  multiplication. 


1.  The  quotient  of  two  numbers  is  equal  to  the  quotient 
derived  by  the  successive  division  of  one  of  the  numbers  by 
the  factors  of  the  other, 

2.  The  quotient  derived  by  successive  division  is  the  same^ 
in  whatever  order  the  divisors  are  taken. 

CASE   I. 
1!3S«   When  the  divisor  is  a  composite  nutnberm 

1.  Divide  7875  by  35,  using  the  factors  5  and  7. 

OPERATION. 

Solution. — Since  35  times  a  number  equals  7  times  5)7876 

5  times  the  number,  ^  of  a  number  equals  |  of  ^  of  ^         ' 

the  number ;  }  of  7875  is  1575,  |  of  1575  is  225.  7)1576 

225 

Rule. — Divide  the  dividend  by  one  factor  of  the  divisor, 
the  quotient  by  another  factor ^  and  thus  continue  for  all  the 
factors  used;  the  last  quotient  will  be  the  quotient  required. 

Divide 


2.  11112  by  24. 
8.  15624  by  42. 
4.  267848  by  56. 
6.  280440  by  72. 


6.  974496  by  96. 

7.  450144  by  108. 

8.  966064  by  121. 

9.  690624  by  144. 


129.  The  True  Remainder  in  successive  division  being 
neither  the  last  remainder  nor  the  sum  of  all  the  remainders, 
it  is  necessary  to  explain  the  method  of  finding  it. 

1.  Divide  2243  by  84,  using  the  factors  3,  4,  and  7. 

Solution. — Dividing  by  3  we  find  that  operation. 

224.^  .quals  747  IhrceSy  and  2  remaining ;  3)2243 

dividing  by  4  we  find  747  threes  equals  Ty^n  o o 

186  tivelves  and  3  threes,  or  9  remaining ;  4}  /  47-2  —                  Z 

dividing  by   7   we  find   that   186   tu-elves  7)186-3  threes  =      9 

erjuals  26  eighty-fours  and  4  twelves^  or  48  26-4  tvjelves  =  48 
rr  maining.     Hence  the  true  remainder  is 
af9-h48  =  59. 


59 
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Rule. — Multiply  each  remainder  by  all  the  divisors  pre^ 
ceding  the  one  which  obtained  it^  and  take  the  sum  of  the 
products  and  the  remainder  arising  from  the  first  division. 

Divide  and  find  the  true  remainder. 


2.  13225  by  105  (3,  5,  7). 

8.  43125  by  126  (2,  7,  9). 

4.  141190  by  180  (4,  5,  9). 

5.  16199  by  216  (2,  3,  4,  9). 

6.  113546  by  378  (2,  3,  7,  9). 


Ans,  125.  Rem,  100. 

Arts,  342.  Rem.  33. 

Arts,  784.  Rem,  70. 

Ans,  74.  Rem.  215. 
Ans.  300.  Rem.  146. 


7.  363887  by  1512  (2,  3,  4,  7,  9).     4ns.  240.  Rem.  1007. 

CASE  II. 

130«    When  tliere  are  ciphers  at  tfie  right  of  th^. 
divisor. 

1.  Divide  9856  by  800. 

Solution.— 8  hundreds  are  contained  in  98  hun-  operation. 
dreds  12  times  with  a  remainder  of  200;  800  is  not  8100)98156 
contained  in  56,  hence  the  entire  remainder  is  200+56, 
or  256. 


12-25f 


Kule. — ^I.  Gut  off  the  ciphers  at  the  right  of  the  divisor^ 
and  as  many  terms  at  the  right  of  the  dividend. 

II.  Divide  the  remaining  part  of  the  dividend  by  the 
remaining  part  of  the  divisor. 

III.  Prefix  the  remainder  to  the  part  of  the  dividend  cui 
off  J  and  the  result  will  be  the  true  remainder. 

Note. — When  the  divisor  is  a  unit  of  any  order  with  ciphers,  the  re- 
mainder will  be  the  figures  cut  ojS*  at  the  right,  and  the  quotient  the  figurei 
at  the  left. 


What  is  the  value 

QUO. 

REM. 

2.  Of  50483  :  700  ? 

Ans,  72. 

83. 

3.  Of  43802-^1500? 

Ans.  29. 

302. 

4.  Of  723456-^2800  ? 

Ans.  258. 

1056. 

6.  Of  5793020-^13300? 

Ans.  435. 

7520. 

6.  Of87644300-T-4570000? 

Ans,  19. 

814300. 

7.  Of  937659000-^39800000  ? 

Ans.  23. 

22259000. 

CASE  ni. 

131*   When  the  remainders  are  obtained  without 
writing  the  products  and  suhtra^^ting. 
4 
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1.  Divide  86795  by  37. 

Solution. — We  divide  86  by  37  and  find  a  quo-         operatiok. 
tient  of  2  ;  we  then  multiply  37  by  2,  but  instead  of        37)86795(2346 
writing  the  product  and  subtracting  it  from  the  par^  ^27 

tial  dividend,  we  observe  what  numbers  must  be  jgg 

added  to  the  product  to  give  the  terms  of  the  par-  215 

tial  dividend,  and  write  them  for  the  remainder,  30  Rem, 

thus :  37  is  contained  in  86,  2  times ;  2  times  7  are 
14  and  2  are  16;  we  write  the  2  under  the6 ;  2  times 
3  are  6  and  1  to  carry  are  7  ;  7  and  1  are  8 ;  we  write  the  one  under  the 
8,  and  bringing  down  7,  the  next  figure  of  the  dividend,  we  have  127  for 
the  next  dividend ;  37  is  contained  in  127,  3  times ;  3  times  7  are  21, 
and  6  are  27  ;  hence  we  write  the  6  under  the  7 ;  8  times  3  are  9,  and  2 
to  carry  are  11,  which  increased  by  1  make  12 ;  we  write  thel  under  the 
2,  and  bringing  down,  we  have  169  for  the  next  dividend,  etc 

Rule. — I.  Obtain  the  quotient  figures  in  the  usual  mai^ 
ner, 

II.  Obtain  the  remainders  by  observing  whai  number  must 
be  added  to  each  partial  product  to  obtain  the  terms  of  the 
partial  dividend. 

III.  Bring  down  the  terms  of  the  dividend  in  the  uMial 
manner f  and  thus  proceed  until  the  division  is  complete. 

2.  Divide  811332  by  372.  Ans.  2181. 

3.  Divide  1957413  by  453.  Ans.  4321. 

4.  Divide  6419945  by  3007.  Ans.  2135. 
6.  Divide  8074528  by  6328.  Ans.  1276. 

6.  Divide  97547337  by  3891.  Bern.  3858. 

7.  Divide  4223745376  by  180071.  Ans.  23456. 

8.  Divide  170627G76887  by  413071.  Bern.  25846. 

CASE  IV. 
182*   Wlien  the  divisor  is  a  little  less  than  100^  1000^  etc* 

1.  Divide  7639521  by  96. 

Solution.— Binding  7639521  by  100  (or  96  +  4)       operation. 
by  cutting  off  two  figures  at  the  right  of  the  dividend,         76395  21 

01 


we  obtain  for  the  first  partial  quotient  76395,  and  a  ZOh^ 

remainder  21.     Since  the  divisor  used  is  4  more  than  ^22 

the  real  divisor,  the  remainder  is  too  small  by  4  times  5 

76395.    Adding  4  times  76395,  or  305580,  to  the  re- 
mainder, we  find  it  tobe  305680+21  =  305601,  which 


26 
13 

J* 


contains  the  divisor.     Dividing  again,  we  have  a  quo-  79078 

tient  3056  and  a  remainder  1.  Adding  to  this  re- 
mainder 4  times  3056,  or  12224,  we  have  a  remainder  12225,  which  stiH 
contains  the  divisor.  Dividing  again,  we  have  a  quotient  122  and  re- 
mainder 25,  to  which  remainder  adding  4  times  122  or  488,  we  obtain  a 
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fourth  remainder  513,  which  being  again  divided  and  increased  by  4 
times  5,  gives  the  true  remainder  33.  Adding  the  several  partial  (quo- 
tients, and  annexing  the  remainder,  we  have  79578f{,  the  quotient 
required.    Hence  the  following 

Kule. — 1.  GiU  off  from  the  right  of  the  dividend  by  a 
vertical  line  as  many  terms  as  there  are  in  the  divisor ^  mul- 
tiply the  part  on  the  left  of  the  line  by  the  difference  between 
the  divisor  and  100,  1000,  e/c,  and  add  the  product  to  the 
number  on  the  right  for  a  trtie  remainder ^  of  which  we  make 
a  new  dividend. 

II.  Divide  as  before,  multiply  the  new  quotient  by  the  dif- 
ference between  the  divisor  and  100,  1000,  etc,  add  the 
product  to  the  remainder  for  a  true  remainder,  and  thus 
proceed  until  the  remainder  is  less  than  the  given  divisor  ; 
the  sum  of  the  several  quotients  with  the  last  remainder,  if 
any,  will  be  the  quotient  required. 

Divide  the  following: 

2.  65343214-5-999.  Ans,  65408f||. 

8.  7978T6541-^9994.  Ans.  T9835f||i. 

4.  457637892-^9998.  Ans.  45772f  j||. 

6.  6747890343-T- 99930.  Ans.  67526^^f 

6.  5434479222-7-99800.  Ans.  54453f||||. 

THE  PARENTHESIS  AND  VINCULUM. 

138«  The  Parenthesis,  ( ),  denotes  that  the  quantities 
included  are  subjected  to  the  same  operation.  Thus,  18— 
(9-f  5)  means  18  minus  the  sum  of  9  and  5. 

134«  The  Vinculum)  or  bar, ,  is  used  for  the  same 

purpose  as  the  parenthesis,  the  numbers  under  it  being  con- 
sidered as  one  quantity.  Thus  12—9—3  means  that  the 
difference  of  9  and  3  is  to  be  subtracted  from  12. 


1.  What  is  the  value  of  (572— 14)— 376— 35  ? 

SoiiUTiOH.— 672  — 14  equals  658 ;  376  —  36  equals  341 ,  and  668  —  341 
equals  217.    Therefore,  etc 

2.  Of  (84793— 45832)— (76345— 46247)?  ^w«.  8863. 
8.  Of  (534— 46)— 7640-6989+472— 12?  Ans.  297. 
4.  Of  (7000700— ^99299)— 40040— 37737+572  ? 

Ans.  Z%WW^ 
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6.  Of  8t96-2437+210x (8761-5672+6912)  f 

Ana,  65696569. 

6.  Of(656+397)-t-(247— 166)+25x670f 

Am.  16763. 

7.  Of  7945-5340x(549+751)-T-(5789-5529)? 

Ans.  13025. 

8.  Of  ^  (9324  +  2461  -  7275)  -r-  3471-2432+1216  y  x 
(6789-2507+3364)? 

FX^ACTZCAZ.    SZAMPZJBS. 

1.  The  product  of  two  numbers  is  415638,  aud  one  of  them 
is  7697  ;  what  is  the  other  ?  Ans,  54. 

2.  The  product  of  three  numbers  is  2237984,  and  two  of 
them  are  103  and  97  ;  what  is  the  third  ?  Ans.  224. 

8.  The  dividend  is  274500,  the  quotient  983,  and  the 
remainder  243;  what  is  the  divisor?  Ans.  279. 

4.  What  is  the  nearest  number  to  25000  that  can  be 
divided  by  575  without  a  remainder?  Ans.  24725. 

5.  What  is  the  nearest  number  to  37401  that  can  be 
divided  by  784  without  a  remainder?  Ans.  37632. 

6.  Find  the  value  of  29+ 348 -r- 6+ 21 7  X  25+ 438 -&- 73 
added  to  192-t-24+(225— 102)x26.  Ans.  8724. 

7«  A  man  paid  a  debt  of  $105.45  with  an  equal  number 
of  dollars,  dimes  and  cents ;  how  many  were  there  of  each 
kind?  Ans.  95. 

8.  Findthevalueof^(9097  +  6956— 2364)^(8765— 2721  + 

2917)  }-T-  ^  6432+5832x99— (3278— 118503-T-297-2790) 

-s-(12965-5273+7391— 8771  +3349)  }. 

9.  The  product  of  three  numbers  is  196790480,  the  small- 
est is  365,  and  the  product  of  this  and  the  largest  is  396755 ; 
required  the  other  two  factors.  Ans.  496 ;  1087. 

10.  A  New  Jersey  farmer,  wishing  to  go  West,  sold  his 
farm  of  150  acres  at  $84  an  acre,  and  bought  prairie  land 
in  Illinois  for  $45  an  acre;  how  many  acres  did  his  new 
farm  contain?  Ans.  280  acres. 

tl.  A  farmer  sold  an  equal  number  of  ducks  and  turkeys; 
for  the  ducks  he  received  $2  each,  and  for  the  turkeys  $3.50 
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each;  and  the  whole  amount  received  was  $44;  how  many 
of  each  did  he  sell?  Ans.  8. 

12.  The  first  edition,  2800  copies,  of  a  book  of  480  pages 
cost  me  $1543 ;  what  did  I  pay  a  page  for  stereotyping,  if 
the  press  work  cost  me  $125,  the  paper  cobt  12^  cents  a 
copy,  and  the  binding  15  cents  a  copy?  Ans.  $1.35. 

IS.  A  cistern  containing  13500  gal.  is  filled  by  two  pipes, 
one  discharging  250  gal.  an  hour  and  the  other  300  gal.,  but, 
by  a  leak  in  one  of  the  pipes,  100  gal.  are  lost  in  an  hour; 
how  long  will  it  take  to  fill  the  cistern  ?  Ans.  30  h. 

14.  Prove  and  illustrate  that  the  sum  or  difference  of  two 
numbers,  divided  by  any  number,  will  equal  the  suna  or 
difference  of  the  quotients  found  by  dividing  those  two 
numbers  by  the  same  number. 

15.  The  4^7  before  Christmas,  a  butcher  sold  an  equal 
number  of  ducks  and  turkeys,  and  three  times  as  many 
chickens;  he  received  for  the  chickens  $1.75,  for  the  ducks 
$2.25,  and  for  the  turkeys  $4  each,  and  the  whole  amount 
was  $92;  what  was  the  number  of  each?     Ans.  24;  8;  8. 

Itt.  The  keeper  of  a  restaurant,  counting  the  currency 
received  from  one  day's  sales,  found  it  to  amount  to  $31.50, 
one-ninth  being  in  fifty-cent  notes,  and  the  rest  made  up  of 
an  equal  number  of  twenty-five-cent  and  ten-cent  notes; 
how  many  were  there  of  each  ?  Ans.  Y ;  80;  80. 

17.  A  farmer's  wife  took  to  the  store  6  lb.  of  butter  at  45 
cents  a  pound,  4  doz.  eggs  at  25  cents  a  dozen,  and  2  paii 
of  spring  chickens  at  $1.25  a  pair;  she  received  in  exchange 
groceries  amounting  to  $1.75,  a  pair  of  scissors  at  50  cents, 
needles  and  thread  at  20  cents,  and  delaine  at  25  cents  a 
yard ;  how  many  yards  of  delaine  did  she  receive  ?   Ans.  15. 

18.  James  Green  purchased  Norristown  Railroad  stock  to 
the  amount  of  $5814,  and  sold  part  of  it  for  $2756  at  $53 
a  share,  losing  $4  on  a  share ;  but  some  years  after,  the  road 
being  leased  by  the  Reading  Railroad,  he  sold  out  at  a 
gain  on  the  whole  transactiun  of  $1492;  for  what  did  be  sell 
a  share?  Ans.  $91. 
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GENERAL  PRINCIPLES  OF  FUNDAMENTAL 

OPERATIONS. 

135.  The  Fundamental  Operatdons  of  Arithmetic  are 

Addition,  Subtraction,  Multiplication,  and  Division.     Thej 
are  fundamental  because  others  depend  upon  them. 

ISO.  The  Principles  of  the  fundamental  operations  are 
the  general  truths  which  relate  to  them. 

187«  The  Problems  of  the  fundamental  operations  are 
the  different  classes  of  questions  which  arise  under  them. 
Note. — The  pupils  will  illustrate  the  following  principles  andproblem«. 

PRINCIPLES   OF  ADDITION. 

1.  The  sum  of  aU  the  parts  eqtuds  the  whole, 

2.  The  whoUy  diminished  by  one  or  more  partSf  equals  the  sum  of  the  otJier 
parts. 


1.  Given,  the  parts  to  find  the  whole. 

2.  Given,  the  whole  and  all  the  parts  but  one,  to  find  that  part. 

3.  When  several  numbers  are  given,  how  do  you  find  their  sum  ? 

4.  When  the  sum  of  several  numbers  and  all  of  them  but  one  an 
given,  how  is  that  one  found  ? 

PRINCIPLES  OF  SUBTRACTION. 

1.  The  Remainder  equals  the  Minuend  minus  the  Subtrahend. 

2.  The  Minuend  equals  the  Subtrahend  plus  the  Remainder, 

3.  Hie  Subtrahend  equals  the  Minuend  minvs  the  Remainder, 


1.  Given,  the  minuend  and  subtrahend,  to  find  the  remainder. 

2.  Given,  the  minuend  and  remainder,  to  find  the  subtrahend. 

3.  Given,  the  subtrahend  and  remainder,  to  find  the  minuend. 

4.  When  two  numbers  are  given,  how  is  their  difference  found  ? 

5.  When  the  greater  of  two  numbers  and  the  difference  between  them 
are  given,  how  is  the  less  found  ? 

6.  When  the  less  of  two  numbers  and  the  difference  between  them  arc 
given,  how  is  the  greater  found? 

PRINCIPLES  OF  MULTIPLICATION. 

1.  The  Product  equals  the  Midtiplicand  into  the  Mltiplier. 

2.  The  Multiplicand  equals  the  Product  divided  by  the  Multiplier, 
8.  The  Multijdier  equals  tJte  Product  divided  by  the  Multiplicand. 
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1.  Giyen,  the  multiplicand  and  multiplier,  to  find  the  product. 

2.  Given,  the  product  and  multiplier,  to  find  the  multiplicand. 

3.  Given,  the  product  and  multiplicand,  to  find  the  multiplier. 

4.  When  two  or  more  numbers  are  given,  how  is  their  product  found? 

5.  When  the  product  and  one  of  two  fieu^tors  are  given,  how  is  the 
other  found? 

6.  When  the  several  factors  of  a  number  are  given,  how  is  the  num 
her  found  ? 

7.  When  t]ie  continued  product  of  several  factors  aud  all  the  factors 
but  one  are  given,  how  is  that  one  found  ? 

PRINCIPLES  OF  DIVISION. 

1.  The  Quotient  equals  the  Dmd&nd  divided  by  the  Divisor. 

2.  The  Dividend  equah  the  Divisor  multiplied  by  the  Quotient. 

3.  The  Divisor  equals  the  Dividend  divided  by  the  Quotient. 

4.  The  Dividend  equals  the  Divisor  multiplied  by  the  QuotierUj  plus  the 
Remadnder. 

5.  2^  Divisor  equals  the  Dividend  minus  the  Remainder,  divided  by  the 

Quotient 

PHOBIiSMS. 

1.  Given,  the  divisor  and  dividend,  to  find  the  quotient. 

2.  Given,  the  divisor  and  quotient,  to  find  the  dividend. 

3.  Given,  the  dividend  and  quotient,  to  find  the  divisor. 

4.  Given,  the  divisor,  quotient,  and  remainder,  to  find  the  dividend. 

5.  Given,  the  dividend,  quotient,  and  remainder,  to  find  the  divisor. 

6.  Given,  the  final  quotient  of  a  continued  division  and  the  several 
divisors,  to  find  the  dividend. 

7.  Given,  the  final  quotient  of  a  successive  division,  the  first  dividend, 
and  all  the  divisors  but  one,  to  find  that  divisor. 

8.  Given,  the  dividend  and  several  divisors  of  a  successive  division, 
to  find  the  quotient. 

PRINCIPLES  OF  CHANGES  OF  TERMS. 

OF   ADDITION. 
1.  Increasing  or  diminishing  any  term  by  any  number,  increases  or 
diminishes  the  sum  by  that  number. 

OP   SUBTRACTION. 

1.  Increasing  or  diminishing  the  minuend  and  subtrahend  by  the 
same  number  does  not  change  the  remainder. 

'2.  Increasing  or  diminishing  the  minuend  by  any  number,  increase! 
or  diminishes  the  remainder  by  that  number. 

3.  Increasing  or  diminisliing  the  subtrahend  by  any  number,  dimin- 
ishes or  increases  the  renuiiiider  by  tliat  number. 
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or   MULTIPLICATION. 

1.  Multiply iDg  either  the  multiplicand  or  multiplier  by  any  nuiuber. 
multiplies  the  product  by  that  number. 

2.  Dividing  either  the  multiplicand  or  multiplier  by  any  number,  di- 
vides the  ]>roduct  by  that  number. 

3.  Multiplying  both  multiplicand  and  multiplier  by  a  number,  multi* 
plies  the  product  by  both  numbers. 

4.  Dividing  both  multiplicand  and  multiplier  by  a  number,  divides 
the  product  by  both  numbers. 

5.  Multiplying  one  factor  and  dividing  the  other  by  the  same  num- 
ber, does  not  alter  the  product. 

6.  Adding  a  number  to  either  factor  increases  the  product  by  as  many 
times  the  other  factor  as  there  are  units  in  the  number  added. 

7.  Subtracting  a  number  from  either  factor  diminishes  the  product  by 
as  many  times  the  other  factor  as  there  are  units  in  the  number  subtracted. 

OF   DIVISION. 

1.  Multiplying  the  dividend  multiplies  the  quotient,  and  dividing 
the  dividend  divides  the  quotient. 

2.  Multiplying  the  divisor  divides  the  quotient,  and  dividing  the  di- 
visor multiplies  the  quotient. 

3.  Multiplying  or  dividing  both  dividend  and  divisor  by  the  same 
number  does  not  alter  the  quotient. 

4.  Adding  a  number  to  the  dividend  increases  the  remainder  by  this 
number,  if  the  quotient  remains  the  same. 

5.  Subtracting  a  number  from  the  dividend  diminishes  the  remainder 
by  this  number,  if  the  quotient  remains  the  same. 

6.  Adding  any  number  to  the  divisor  diminishes  the  quotient  by  as 
many  units  as  the  new  divisor  is  contained  times  in  the  product  of  the 
quotient  by  the  number  added. 

7.  Subtracting  any  number  from  the  divisor  increases  the  quotient  by 
as  many  units  as  the  new  divisor  is  contained  times  in  the  product  of  the 
quotient  by  the  number  subtracted. 

GENERAL  LAWS. 

1.  A  change,  by  addition  or  subtraction,  of  any  term  in  addition,  pro- 
duces a  similar  change  in  the  sum. 

2.  A  change  in  the  minuend  by  addition  or  subtraction,  produces  a 
similar  change  in  the  difference ;  but  such  a  change  in  the  subtrahend 
produces  an  opposite  change  in  the  difference. 

3.  A  change  in  either  factor  in  multiplication,  by  multiplication  oi. 
division,  produces  a  similar  change  in  the  product. 

4.  A  change  in  the  dividend  by  multiplication  or  division  produces 
a  similar  change  in  the  quotient ;  but  such  a  change  in  tlie  divisor  pro* 
duces  an  opposite  change  in  the  quotient. 


COMPOSITION.  57 

SECTION    III. 
SECONDARY   OPERATIONS. 

188«  The  Primary  Operations  of  Arithmetic  are  thuse 
of  synthesis  and  analysis,  including  the  four  fundamental 
rules. 

139.  The  Secondary,  or  Derivative  Operations  are 

those  which  arise  from  or  grow  out  of  the  primary  operations 
of  synthesis  and  analysis. 

140.  The  Secondary  Operations  are  Composition,  Fac- 
taring,  Greatest  Common  Divisor ,  Least  Common  Multiple , 
Involution,  and  Evolution, 

COMPOSITION. 

141*  Composition  is  the  process  of  forming  composite 
numbers  when  their  factors  are  given. 

142.  A  Composite  Number  is  a  number  which  can  be 
produced  by  multiplying  together  two  or  more  numbers, 
each  greater  than  a  unit;  as  8,  12,  15,  etc. 

148*  The  Factors  of  a  composite  number  are  the  num- 
bers which,  when  multiplied  together,  will  produce  it;  thus 
4  and  2  are  the  factors  of  8. 

144.  A  Prime  Number  is  one  that  cannot  be  produced 
by  multiplying  together  two  or  more  numbers,  each  greate* 
than  a  unit;  as  2,  5,  7,  11,  etc. 

14S*  A  Power  of  a  number  is  a  number  formed  by  tak- 
ing  the  given  number  several  times  as  a  factor;  thus  64  is 
the  third  power  of  4. 

146.  The  Second  Power  of  the  number  is  the  composite 
number  formed  by  using  the  number  twice  as  a  factor.  Thus 
9  is  the  second  power  of  3. 

147.  The  Third  Power  of  a  number  is  the  composite 
number  formed  by  using  the  number  three  times  as  a  factor. 
Thus  27  is  the  third  power  of  3. 
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148«  The  Symbol  for  the  power  of  a  number  is  a  small 
figure,  called  an  exponent^  placed  a  little  above  it  at  the 
right;  thus,  5^  denotes  the  third  power  of  5,  etc. 

Note. — In  the  fundamental  operations,  each  tynthetic  process  has  its 
corresponding  aruUytic  process ;  it  follows,  therefore,  that  Uiere  should  be 
a  synthetic  process  corresponding  to  the  analytic  process  of  Faetarin*/. 
This  process  I  have  called  Composition.  This  new  generalization,  given  in 
my  Algebra,  has  already  been  approved  by  several  mathematicians. 

140*  Gases. — The  subject  is  treated  under  six  casen. 
The  development  of  these  cases  is  based  upon  the  following 
principles : 


1 .  Every  composite  number  is  equal  to  the  product  of  its 
factors, 

2.  A  factor  of  a  number  is  a  factor  of  any  number  of 

times  that  number. 

CASE   I. 

ISO*    To   form  a   composite  number  out  of  any 
factors. 

1.  Form  a  composite  number  out  of  3,  4,  and  5. 

Solution. — A  composite  number  formed  out  of  operation. 
the  factors  3,  4,  and  6,  is  equal  to  their  product,  3x4x5=60 
which  is  60. 

Rule. —  Take  the  product  of  the  factors  as  indicated  by 
the  problem. 

Form  composite  numbers  out 

2.  Of  3,  4,  5,  and  1,  Ans.  420. 
8.  Of  two  2's,  two  3's.  and  5.  Ans,  180. 
4.  Of  four  2's,  three  5's,  and  two  Vs.  Ans,  98000. 
6.  Of  five  2's,  four  3's,  and  9.  Ans.  23328. 
6.  Of  four  5's,  two  1%  two  ll's.  Ans,  3Y05625. 

CASE  n. 

ISl.  To  form  a  composite  number   out   of  equal 
facfors. 

1.  Find  the  composite  number  consisting  of  eight  2*8. 

Solution. — Multiplying  2  by  2  we  have  4,  which  operation. 

consists  of  two  2*8;  multiplying  4  by  4  we  have  16,  2x2=4 

which  consists  of  iiw+iiw,  or  }(yu;r  2'8;  multiplying  4x4=16 

16  by  16  we  ha^e  256,  which  consists  of /our+yimr,  16x16=256 
or  tiijhi  2'8. 


COMPOSITION.  69 

Rule. — Multiply  one  power  of  the  factor  by  another  until 
we  have  a  product  which  contains  the  factor  the  required 
number  of  times, 

2.  Find  the  sixth  power  of  2 ;  of  6 ;  of  6. 

Ans,  64  ;  15625  ;  46656. 
8.  Find  the  twelfth  power  of  2 ;  of  3  ;  of  4. 

Am,  4096;  531441;  16^7216. 
4.  Form  a  composite  number  of  four  equal  factors ;  of 
five ;  of  six ;  of  seven. 

6.  Find  the  2d,  3d,  5th,  Yth,  and  10th  powers  of  3 ;  of  4 ; 
of  5.  Ans.  59049;  10485Y6  ;  9t65625,  etc. 

CASE  m. 

1SI3.  To  form  a  composite  nutnber  out  of  factors 
bearing  certain  relations  to  each  other » 

1.  Find  a  composite  number  of  three  factors,  the  smallest 
being  4,  the  second  being  twice,  and  the  third  three  times 

the  first. 

Solution. — ^The  number  will  contain  4  used         operation. 
three  times  as  a  factor,  and  also  2  and  3;  hence  we  ^s  __  54 

raise  4  to  the  third  power,  which  is  64,  and  multi-        ^4^^^  __  334 
ply  the  result  by  the  product  of  2  and  3,  or  6,  which 
gives  384. 

Rule. — Raise  the  given  factor  with  which  the  others  are 
compared,  to  the  power  indicated,  and  multiply  the  result 
by  the  product  of  the  factors  indicating  the  relation, 

NoTB. — We  may  also  find  each  factor  and  then  multiply  them  together. 

2.  Form  a  number  of  three  factors,  the  first  being  3,  the 
second  twice,  and  the  third  3  times  the  first.       Ans.  162. 

3.  Find  a  number  whose  smallest  factor  is  5,  the  second 
being  twice,  and  the  third  6  times  as  great.       Ans,  1500. 

4.  Required  a  number,  one  of  whose  factors  is  8,  another 
one-half  as  large,  and  the  third  twice  as  large.    Ans,  512. 

5.  Find  a  number,  two  of  whose  factors  are  6,  two  one- 
half  as  large,  and  two  3  times  as  large.  Ans,  104976. 

6.  Find  a  number  one  of  whose  factors  is  8,  another  A 
more,  another  half  the  sum  of  these  two,  and  another  half 
the  diirerence  of  the  first  and  second.  Ans.  1920. 
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CASE  lY. 

1S8«  To  form  aU  the  composite  numbers  possible  out 
of  given  ftictors, 

1.  Form  all  the  composite  numbers  possible  out  of  2,  3, 
and  5. 

Solution. — It  will  be  seen  that  if  we  write  opebation. 

1  and  2  with  a  hyphen  between  them,  and  2.2 

multiply  each  term  by  1  and  3,  which  may  j^.3 
be  written  in  the  same  way,  we  shall  have  all 

the  numbers  which  can  be  obtained  fix)m  the  T"r" 

multiplication  of  these  factors;   and  if  we  ^"^ 


multiply  the  series  by  1  and  5,  which  may  be        1-2-3-6-6-10-15-30 
written  as  before,  we  shall  have  1,  2,  3,  and  a  in  ik  qa 

5,  and  all  the  composite  numl^ers  that  can  '^'***  "»  *^>  *^>  ^^ 

be  formed  from  2,  3,  and  5.     Omitting  1,  2, 

3,  and  5,  in  the  last  result,  we  shall  have  all  the  composite  nombeis  tJMC 
can  be  formed  with  2,  3,  and  5. 

Rule. — I.  Connect  1  and  the  first  given  factor  by  a  hypfusn, 
and  multiply  each  term  by  1  and  by  the  second  given  factor, 
and  this  series  by  1  and  by  the  third  factor, 

II.  Proceed  in  the  same  way  till  all  the  factors  are  used, 
and  the  terms  of  the  last  product^  omitting  one  and  the  given 
factors^  will  be  the  numbers  required. 

Form  the  possible  composite  numbers 

2.  Out  of  2,  3,  5,  and  11.        Ans,  6,  10,  15,  30,  22,  etc. 

3.  Out  of  2,  3,  5,  Y,  and  11.  Ans,  6,  10,  15,  14,  etc 

4.  Out  of  2,  3,  Y,  11,  and  13. 

Ans.  6,  14,  21,  42,  22,  33.  tT,  26,  39,  etc. 
6.  Out  of  2,  3,  5,  Y,  11,  and  13. 

Ans.  6,  10,  15,  14,  21,  35,  n,  91,  143,  etc. 

CASE  V. 

1S4*  To  form  aU  the  composite  ntimbers  possibh 
when  some  of  the  factors  are  alike. 

1.  Find  the  composite  numbers  which  can  be  formed  ool 
of  2,  2,  2,  3,  and  3. 

Solution. — Since  2  is  used  three  times,  the  operation. 

first  series  will  evidently  be  1-2-2^-2',  or  1-2-4-8 ;  1-2-4-8 

and  since  3  is  used  twice,  the  second  series  will  be  1-3-9 
1-3-3*,  or  1-3-9,  and  the  products  of  these  terms,  q  g  10 

omitting  the  unit  and  the  factors  themselves,  will  olio  1  qqa  -to 

l>e  the  composite  numbers  required.  24-9-18-36-72 
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Rule. — I.  Write  1  and  the  successive  powers  of  a  factor 
repealed  (the  highest  power  being  indicated  by  the  number  of 
times  the  factor  occurs)  in  a  row  /  under  this  write  1  and 
the  successive  powers  of  another  factor,  and  find  the  pro- 
ducts of  the  terms  of  the  two  seHes, 

II.  Proceed  in  a  similar  manner  with  the  products  and 
the  remaining  factors  ;  the  term^  of  the  last  product,  omit- 
Hng  1  and  the  original  factors,  will  be  the  numbers  required. 

Form  the  possible  composite  numbers  out 
2.  Of  2,  2,  3,  3,  and  3.  Ans.  4,  12,  36,  108,  etc. 

8.  Of  two  2'8,  two  3's,  and  5.  Ans,  4,  6,  9,  12,  etc. 

4.  Of  three  2's,  two  3's,  and  Y.  Ans,  4,  8,  24,  72,  etc. 
6.  Of  fourS's,  5,  and  1,  Ans,  9,  2Y,  81,  406,  etc. 

6.  Of  four  2's,  three  3's,  two  5*s,  and  7. 

Ans.  4,  8,  16,  9,  27,  210,  etc. 

CASE  VI. 

ISS.  To  find  tlie  number  of  composite  numbers  that 
can  be  farmed  fronn  given  foAstors. 

1.  How  many  composite  numbers  can  be  formed  with  three 
2's  and  two  3's  ? 

Solution. — ^2  used  ihree  times  as  a  factor  gives,  opbbation. 

with  unity,  a  series  oi  four  terms,  and  three  used  1-2-4-8 =4  terms. 

twice  gives  a  series  of  three  terms;  hence  their  1-3-9  =  3  terms. 

product  will  give  a  series  of  4x3,  or  12  terms;  r — q -lo ~ 

and,  omitting  the  unit  and  2  and  3,  we  will  have  ^^  ^  ql_  q 

9    terms.    Hence  there  will    be    9    composite  ^^     ^      ^ 
numbers. 

m 

Rule. — Increase  the  number  of  times  each  factor  is  used 
by  1,  take  the  product  of  the  results,  and  diminish  this  by 
the  number  of  different  factors  used  plus  one. 

How  many  composite  numbers  can  be  formed 

2.  Out  of  two  3*s  and  t^'O  5's  ?  Ans,  6. 
8.  Out  of  four  2'8  and  three  5's  ?  Ans,  17. 
4.  Out  of  three  2*8,  four  3's,  and  three  5'8?  Ans.  76. 
6.  Out  of  3,  four  2's,  two  5's,  7,  and  29  ?          Ans.  114. 

6.  Out  of  2,  32,  5,  72,  and  11  ?  Ans.  66. 

7.  Out  of  2S  ?».  5S  7^  11,  and  13?  Ans.  1433. 
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DIVISIBILITY  OF  COMPOSITE  NUMBEES. 

156.  Composite  Numbers  can  be  divided  by  the  fac- 
tors which  produce  them. 

1S7«  The  Factors  of  many  composite  numbers  may  be 
seen  by  inspection  from  the  following  principles: 


1.  A  number  i8  divisible  by  2  when  the  riqht  hand  term  is 
zero  or  an  even  digit. 

FoTy  the  number  is  evidently  an  even  number,  and  all  even  numbers 
are  divisible  by  2. 

2.  A  number  is  divisible  by  3  when  the  sum  of  the  digits 

is  divisible  by  3. 

This  may  be  shown  by  trying  several  numbers,  and,  seeing  that  it  is 
true  with  these,  we  infer  that  it  is  true  with  all.  A  rigid  demonstration 
is  given  in  the  latter  part  of  the  book. 

3.  A  number  is  divisible  by  4  when  the  two  right  hand 
terms  are  ciphers^  or  when  the  number  they  express  is  divisi' 
ble  by  4. 

If  the  two  right  hand  terms  are  ciphers,  the  number  equals  a  number 
of  hundreds,  and  since  100  is  divisible  by  4,  any  number  of  hundreds  is 
divisible  by  4. 

If  the  number  expressed  by  the  two  right  hand  digits  is  divisible  by 
4,  the  number  will  consist  of  a  number  of  hwndreds  plus  the  number  ex- 
pressed by  the  two  right  hand  digits  (thus  1232=  12004-  32) ;  and  since 
both  of  these  are  divisible  by  4,  their  sum,  which  is  the  number  itself,  is 
divisible  by  4. 

4.  A  number  is  divisible  by  5  when  its  right  hand  term  is 

0  or  5. 

When  the  unit  figure  is  0  the  last  partial  dividend  must  be  0, 10,  20, 
30,  or  40,  each  of  which  is  divisible  by  5.  When  tlie  unit  figure  is  5,  the 
last  partial  dividend  must  be  15,  25,  35,  or  45,  each  of  which  is  divisible 
by  6. 

6.  A  number  is  divisible  by  6  when  it  is  even,  and  the  sum 
of  the  digits  is  divisible  by  3. 

Since  the  number  is  even  it  is  divisible  by  2,  and  since  the  sum  of  the 
digits  is  divisible  by  3  the  number  is  divisible  by  3,  and  since  it  contains 
both  2  and  3,  it  will  contain  their  product,  3x2,  or  6. 

6.  A  number  is  divisible  by  8  when  the  three  right  hand 
lerm^  are  ciphers,  or  when  the  number  expressed  by  them  is 
divisible  by  8. 
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If  the  three  right  hand  terms  are  ciphers,  the  number  equals  a  number 
of  ifuyuMmday  and  since  1000  is  divisible  by  8,  anj  number  of  thousands 
is  divisible  by  8. 

If  the  number  expressed  by  the  three  right  hand  digits  is  divisible  by 
8^  the  entire  number  will  consist  of  a  number  of  thousands  plus  the  num- 
ber expressed  by  the  three  right  hand  digits  (thus  17368  =17000+308); 
and  since  both  of  these  parts  are  divisible  by  8,  their  sum,  which  is  the 
number  itself  is  divisible  by  8. 

7.  A  number  is  divisible  by  9  when  the  sum  of  the  digits 

in  divisible  by  9. 

This  may  be  shown  b^  trying  several  numbers,  and,  seeing  that  it  is 
true  with  tnese,  we  can  mfer  that  it  is  true  with  all.  It  may  also  be 
rigidly  demonstrated. 

8.  A  number  is  divisible  by  10  when  the  unit  figure  is  0. 

For,  such  a  number  equals  a  number  of  tenSf  and  any  number  of  tens 
is  divisible  by  10,  hence  the  number  is  divisible  by  10. 

NOTB. — 1.  A  number  is  divisible  by  7  when  the  sum  of  the  odd  numerical 
periods,  minus  t?ie  sum  of  the  even  numerical  periods,  is  divisible  by  7. 

2.  A  number  is  divisWle  by  11  when  the  difference  between  the  sums  of  the 
digits  in  the  odd  places  and  in  the  even  places  is  divisible  by  11,  or  when  this 
d^erenee  is  0. 

3.  These  two  principles  are  rather  curious  than  useful.  For  their  de- 
monstration see  the  latter  part  of  the  book,  where  will  also  be  found  quite 
a  full  treatment  of  the  Properties  of  Numbers. 


FACTORING. 

1S8*  Factoring  is  the  process  of  6nding  the  factors  of 
composite  numbers. 

159*  The  Factors  of  a  composite  number  are  the  num 
bers  which,  when  multiplied  together,  will  produce  it.  Unity 
and  the  number  itself  are  ^ot  regarded  as  factors. 

160.  The  Prime  Factors  of  a  composite  number  are  the 
prime  numbers  which,  multiplied  together,  will  produce  it. 

IGl.  A  Root  of  a  number  is  one  of  its  several  equal 
factors;  thus  3  is  a  root  of  9,  and  4  of  64. 

162.  The  Second  Root  of  a  number  is  one  of  its  two 
equal  factors  ;  thus,  since  2  x  2=4,  2  is  the  2d  root  of  4. 

168.  The  Third  Root  of  a  number  is  one  of  its  three 
equal  factors ;  the  4th  root  is  one  of  its  4  equal  factors,  etc. 

164.  The  Symbol  of  roots  is  the  radical  sign  ^Z ;  a  small 
Sgure  placed   at  the  left  of  the    sign,  called   the   index, 
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indicates  the  degree  of  the  root.     Thus  ^4,  or  v^4,  indicates 
the  second  root;  ^27,  the  third  root,  etc. 

1GS«  Gases. — The  subject  embraces  seven  cases.  The 
development  of  these  cases  is  based  upon  the  following  prin- 
ciples : 


1.  A  divisor  of  a  number  (excepting  unity  and  the  num 
her  itself)  is  a  factor  of  the  number, 

2.  A  divisor  of  a  factor  of  a  number  (excepting  unity) 
is  a  factor  of  the  number, 

3.  A  number  is  divisible  by  its  prime  factors  or  by  any 
jroduct  of  them, 

4.  A  number  is  divisible  only  by  its  prime  factors,  or  some 
product  of  them,  or  by  unity, 

CASE  I. 
10G«  To  resolve  a  number  into  its  prime  ffutora. 

1.  Find  the  prime  factors  of  165. 

Solution. — Dividing  bpr  3,  we  find  that  3  is  a  fac-  operatiok. 
tor  of  165  (Prin.  1).    Dividing  the  quotient  bv  5,  we  3)165 

6nd  that  5  and  11  are  also  factors  of  165  (Prin.  2);  K^fji 

and  since  these  numbers  3,  5,  and  11,  are  prime,  they  h)ln 

are  the  prime  factors  of  165.  11 

Rule. — I.  Divide  the  given  number  by  any  prime  number, 
greater  than  1,  that  will  exactly  divide  it, 

II.  Divide  the  quotient^  if  qompositCy  in  the  same  manner, 
and  thus  continue  until  the  quotient  is  prime. 

III.  The  divisors  and  last  quotient  will  be  the  prime  fac 
tors  required. 

Find  the  prime  factors 

2.  Of  385.  Ans,  5,  1,  11. 
8.  Of  1365.                   Ans,  3,  5,  7,  13. 

4.  Of  1260.  Ans.  2^,  3^,  6,  T. 

5.  Of  3465.  Ans,  3^,  5,  T,  11. 
G.  Of  392Y0.  Ans,  2,  3,  5,  Y,  11,  17. 
7.  Of  7780500.  Ans,  2^,  32,  6«,  7,  13,  19. 
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CASB  n. 

187*  To  resolve  a  number  into  equal  factors. 

1.  Find  the  two  equal  factors  of  225. 

Solution. — We  first  resolve  the  number  into 
its  prime  factors.    Now,  since  there  are  two  Z% 


OPEBATIOK. 

225  =  3»X6» 
3X5  =  15,  ^n«. 


we  take  one  3  for  each  factor;  and  since  there 
are  two  5's,  we  take  <m«  5  for  each  factor ;  hence 
each  of  the  two  equal  factors  is  3X5  or  15; 
therefore  15  is  one  of  the  two  equal  fiu^tors  of  225. 

Rule. — I.  Resolve  the  number  into  its  prime  factors, 
II.   Tctke  the  continued  product  of  one  of  each  of  the  tux> 
equal  fa^^rs,  when  we  wish  the  two  equal  factors ;  one  of 
each  of  the  three,  for  the  three  equal  factors  ;  etc, 

2.  Find  one  of  the  two  equal  factors  of  256,  5t6,  5184, 
9216,  and  20t36.  ^  Ans,  16,  24,  72,  96,  144. 

3.  Find  one  of  the  three  equal  factors  of  216,  512,  1000, 
1728,  2744,  3375,  5832.  Ans,  6,  8,  10,  12,  14,  15,  18. 

Find  the  value  of 


4.  -^225^ 
6.  ^4096. 
6. 


i' 


4096. 


7.   ^262144. 


Ans,  15. 

Ans,  16. 

Ans,  8. 

Ans.  64. 


8.  ^50625.  Ans,  16. 

9.  ^14348907.  Ans,  2T. 

10.  ^184528125.  Ans,  45. 

11.  ^11390625.  Ans,  15. 


CASE   III. 

1G8*    To   resolve  a  number  into   factors  bearing 
certain  relatiotis  to  each  other. 

1.  Resolve  192  into  two  factors,  one  of  which  shall  be  d 
times  the  other. 

SoLUTiOK. — By  the  condition  of  the 
prohlem,  3  times  the  second  factor  equals 
the  first.  Now,  the  second  factor  multi- 
plied hy  3  times  the  second  factor  equals 
3  times  the  square  of  the  second  factor, 
which  equals  192;  hence  the  square  of 
the  second  factor  equals  \  of  192,  or  64; 
if  64  is  the  square  of  the  second  factor,  \/64,  or  8,  is  the  second  factor, 
and  8X3,  or  24,  is  the  first  factor. 

Rule. — I.  Divide  the  given  number  hy  the  product  of  the 

numbers  indicating  the  relation  of  the  factors  to  the  smallest 

factor,  and  extract  that  root  of  the  quotient  indicated  by  the 

number  of  factors ;  the  result  will  be  the  smallest  factor 
5 


OPERATIOK. 
3)192 

64 

^/64  =  8,  2d  factor. 
3X8  =  24,  Istfector. 
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II.  Multiply  the  smallest  factor  by  the  numbers  indicating 
the  relation  of  the  other  factors  to  it^  and  the  result  will  be 
the  other  factors. 

2.  Kesolve  4096  into  three  factors,  such  that  the  second 
shall  equal  twice  the  first,  and  the  third  twice  the  second. 

Ans,  8,  16,  32. 
8.  Kesolve  2592  into  three  factors,  of  which  the  second 
is  twice  the  first  and  the  third  three  times  the  second. 

Ans,  6,  12,  36. 

4.  Kesolve  82944  into  four  factors,  so  that  the  second 
shall  be  twice  the  first,  the  third  twice  the  second,  and  the 
fourth  twice  the  third.  Ans.  6,  12,  24,  48. 

5.  Kesolve  373248  into  four  factors,  the  second  being 
twice  the  first,  the  third  3  times  the  second,  and  the  fourth 
4  times  the  third.  Ans.  6,  12,  36,  144. 

6.  The  contents  of  a  cistern  are  1728  cu.  ft.,  the  length 
being  2  times  the  breadth,  and  the  breadth  2  times  the  depth ; 
what  are  the  dimensions?  Ans.  24  ft. ;  12  ft. ;  6  ft. 

?•  A  farmer  had  a  bin  containing  324  cu.  ft.,  whose  length 
was  3  times  the  breadth,  and  breadth  twice  the  depth ; 
required  the  dimensions.  Ans.  18  ft. ;  6  ft. ;  3  ft. 

8*  A  person  wished  to  dig  a  tank  to  hold  1024  cu.  ft.,  but 
having  but  little  ground  he  was  obliged  to  make  the  breadth 
half  the  length  and  the  length  \  of  the  depth ;  what  were 
the  dimensions  ?  Ans.  4  ft. ;  8  ft. ;  32  ft 

CASE  IV. 
IGO*  To  find  all  the  divisors  of  €i  number  wliose 
factors  are  all  uneqtuU* 

1.  Find  all  the  divisors  of  66. 

Solution. — The  prime  fiu^tors  of  66  opebatiov. 

are  2,  3,  and  11.    If  we  multiply  1-2  by  1.2 

1-3  we  obtain  1,  2,  3,  an3  the  product  of  j.3 
2  and  3,  and  these  multiplied  by  1-11  will 

give  1,  2,  3,  11,  and  all  the  products  that  f "f7 

can  be  formed  out  of  2,  3,  and  11.    Hence,  ^"-^^ 


according  to  Prin.  4,  these  are  all  the        1-2-3-6-11-22-33-66 
divisors  of  66. 

Rule. — Resolve  the  number  into  its  prime  factors,  multi- 
ply 1  and  the  first  factor  by  1  and  the  second  factor,  the 
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produoU  by  1  and  the  third  /ctctor,  etc,  until  all  the  factor 9 
\ave  been  used;  the  result  will  be  the  divisors  required. 

Find  all  the  divisors 

2.  Of  106.  Ans.  1,  3,  6,  T,  15,  21,  35,  105. 

8.  Of  386.  Ans,  1,  5,  Y,  11,  35,  55,  7Y,  386. 

4.  Of  670.  Ans,  1,  2,  3,  6,  6,  10,  15,  19,  38,  etc. 

5.  Of  1001.  Ans,  1,  7,  11,  13,  77,  91,  143,  1001. 

0.  Of  19019.   Ans,  1,  7,  11,  13,  19,  77,  91,  133,  143,  etc. 

CASE   V. 

ITO*  To  fititl  all  the  divisors  of  a  number,  sotne  of 
whose  factors  are  eqtial. 

1.  To  find  all  the  different  divisors  of  108. 
Solution. — We  find  the  fac-  operation. 

tore  of  108  are  two  2*8  and  three        108  =  2x2x3x3x3 
3*8.    Since  3  is  a  factor  three        1-3-9-27 


times,  1.  3p  3',  3'  b  the  first 
series  oi  divisora ;  and  since  2 


1-2-4 


is  a  fiictor  twice,  1,  2,  4,  is  the        1-3.9.27.2.6.18-54-4.12-36.108 
second  series  of  divisors ;  and 

the  products  of  the  terms  of  these  two  series  will  give  the  prime  factors 
and  all  possihle  products  of  them,  and  therefore  sdl  the  divisors  of  the 
given  numbers. 

Rnlo*—- 1.  Resolve  the  number  into  its  prime  factors, 
form  a  series,  consisting  of  1  and  the  successive  powers  of 
one  factor,  under  this  urrite  1  and  the  successive  powers  of 
another  factor,  and  take  the  products  of  the  terms  of  th^ 
two  series, 

II.  Proceed  in  a  similar  manner  with  these  products  and 
the  remaining  factors,  if  any,  and  the  terms  of  the  last 
vrodu^ct  will  be  all  the  divisors  of  the  given  number. 

Find  all  the  divisors 

2.  Of  48.  Ans,  1,  2,  4,  8,  16,  3,  6,  12,  24,  48. 

8.  Of  72.  Ans.  1,  2,  4,  8,  3,  6,  9,  12,  24,  18,  36,  72. 

4.  Of  100.  Ans,  1,  2,  4,  5,  10,  20,  25,  50,  100. 

6.  Of  360.  Ans,  1,  2,  4,  8,  9,  3,  6,  12,  24,  10,  etc. 

6.  Of  810.  Ans,  1,  2,  3,  5,  9,  27,  10,  45,  90,  etc. 

7.  Of  840.  Ans,  1,  2,  3,  5,  7,  12,  4,  8,  24,  etc. 

8.  Of  960.  Ans.  1,  2,  3,  4,  5,  6,  8,  10,  12,  16,  etc 
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CASE  YI. 

171«  To  flful  e/ie  number  of  divisors  of  a  nufnberm 

1.  How  many  divisors  has  108? 

Solution. — It  is  evident  that  1  with  the  Ist,  oPEBATioir. 

2d,  and  3d  powers  of  3  will  give  a  series  of /our  108^2'X8* 

divisors,  and  1  with  the  Ist  and  2d  powers  of  2  /<>  i  t\v^/Q  i  iv 

will  give  a  series  of  three  divisors;  nence,  their  (^+l)X(3-t-l) 
product  will  give  a  series  of  4x3  or  12  divisors.  =s  12,  An». 

Hence  the  product  of  the  exponents  of  the  factors 
increased  hy  1,  will  give  the  number  of  divisors. 

Rule. — Resolve  the  number  into  its  prime  factors,  increase 
the  exponent  of  each  factor  by  1 ,  and  take  the  prodtict  of  the 

results. 

Find  the  number  of  divisors 

2.  Of  72.  Ans.  12. 
8.  Of  360.  Ans,  24. 


4.  Of  810.  Ans,  20. 


5.  Of  840.  Ans.  32. 

6.  Of  2160.  Ans.  40. 


7.  Of  75600.  Ans.  120. 


CASE  VII. 

]7!3.  To  find  all  tlie  divisors  cofnmon  to  two  or  tnore 
nauihers. 

1.  Find  the  divisors  common  to  108  and  144. 

Solution. —  Resolving      the  operation. 

numbers  into  their  prime  factors,  ;[Q3  __  2*  x  3*  1  .'.  2'  X  3*  =  the 

we  find  that  2»  X  3»  is  a  common  144  =  2*  X  3M  common  iactora. 
factor;   hence  1,  2,  4,  3,  9,  and 

the  products  arising   from  their  I" o^ 

combination,  as  in  Case  V.,  are  ^"''^^ 


all  the  common  divisors.  1-3-9-2-6-18-4-12-36 

Rule. — I.  Resolve  the  numbers  into  their  prime  factors. 
II.    Take  1  and  all  the  common  prime  factors,  and  all 
*he  numbers  arising  from  their  combination. 

Find  the  divisors  common  to 

2.  36  and  48.  Ans,  1,  2,  3,  4,  6,  12. 

8.  48,  96,  and  120.  Ans,  1,  2,  3,  4,  6,  8,  12,  24. 

4.  480,  720,  and  840.  Ans,  1,  2,  3,  4,  5,  6,  8,  etc. 

6.  576,  864,  1152,  and  1728.     - 

Ans,  1,  2,  3,  4,  6,  8,  9,  12,  etc. 
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THE   GREATEST    COMMON    DIVISOR. 

173*  A  Divisor  of  a  number  is  a  number  that  will  ex- 
actly divide  it ;  or  it  is  an  exact  divisor  of  a  number. 

174.  A  Common  Divisor  of  two  or  more  numbers  is  a 
number  that  exactly  divides  each  of  them. 

175.  The  Oreatest  Common  Divisor  of  two  or  more 
numbers  is  the  greatest  number  that  exactly  divides  each 
of  them. 

NoTB. — The  greatest  common  divisor  may  be  represented  by  the  initials 
G.  C.  D. 


1.  A  factor  of  a  number  is  a  divisor  of  the  number^  and 
of  any  number  of  times  the  number, 

2.  A  common  faxitor  of  two  or  more  numbers  is  a  factor 
of  their  greatest  common  divisor. 

3.  The  product  of  all  the  common  prime  factors  of  two 
or  more  numbers  is  their  greatest  common  divisor, 

4.  A  common  divisor  of  two  numbers  is  a  divisor  of  their 
fum  and  also  of  their  difference. 

Demonstration. — Take  any  two  numbers,  as  18  and  30,  of  which  6  is 
t  wmmon  divisor.  Now  18  equals  three  times  6,  and  30  equals  five  times 
5 ;  and  their  sum  is  three  times  6  plus  Jiv^  times  6,  or  eight  times  6, 
which  ooDtains  6 ;  their  difference  is  two  times  6,  which  also  contains  6. 

CASE  I. 
17G*   fFhen  the  numbers  are  smaU  and  can  be  reaU^ 
ily  factored. 

177.  The  First  Method  consists  in  finding  the  common 
factors,  and  taking  their  product. 
1.  Find  the  greatest  common  divisor  of  66,  132,  and  198. 

SoLimoN. — We  write  the  numbers  m>vitk'nnyj 

on«  •beside  another  as  m  the  margin. 
Dividing  by  2,  we  see  that  2  is  a  factor  2  66-132-198 

t*(  each  number ;  it  is  therefore  a  factor  3 

of  the  Q.  C.  D.  (Prin.  2) ;  dividrng  the        ^ 
quotients  by  3,  we  see  that  3  is  a  ractor 
of  each  number,  and  therefore  a  fSactor  1-2-3 

of  the  Q.  CD.;  in  the  same  way  we  see        G.  C.  D.= 2  X  3x  11  =  66. 
that  11  is  a  fiictor  of  the  G.  C.  D. :  now, 

fince  the  quotients  1, 2,  and  3  are  prime  to  each  other,  2,  3,  and  11  are 
all  the  common  Actors;  hence  their  product,  which  is  66,  is  the  G.  C 
D.  (Prin.  3.) 


33-  66-  99 


11-  22-  33 
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CASE  YI. 

171«  To  fliid  U^  number  of  divisors  of  a  nufUberm 

1.  How  many  divisors  has  108f 

Solution. — It  is  evident  that  1  with  the  Ist,  oferatiok. 

2d,  and  3d  powers  of  3  will  give  a  series  of /our  108^2'x8' 

divisors,  and  1  with  the  Ist  and  2d  powers  of  2  /oi  |\     /oiiv 

will  give  a  series  of  (Ar«e  divisors;  hence,  their  (2-ri)X(3+l) 
product  will  give  a  series  of  4x3  or  12  divisors.  ^  12,  Ana, 

Hence  the  product  of  the  exponents  of  the  factors 
increased  hy  1,  will  give  the  number  of  divisors. 

Rule. — Resolve  the  number  into  its  prime /actors,  increase 
the  exponent  of  ea^h  factor  by  1,  and  take  the  product  of  the 
results. 

Find  the  number  of  divisors 


2,  Of  72.  Ans,  12. 

8.  Of  360.  Ans.  24. 

4.  Of  810.  Ans,  20. 


5.  Of  840.  Ans.  33. 

6.  Of  2160.  Ans.  40. 
;•  Of  75600.            Ans.  120. 


CASE  VII. 

172«  To  find  €Ui  tlie  divisors  conimoti  to  two  or  mors 
nmnbers. 

1.  Find  the  divisors  common  to  108  and  144. 

Solution. —  Resolving      the  operation. 

numbers  into  their  prime  factors,  108  =  2^X3' 1  *  2»  v3*  — the 

we  find  that  2»  x  3»  is  a  common  144  =  2*  X  3»  /  wmmon  factors, 
factor;   hence  1,  2,  4,  3,  9,  and 

the  products  arising  from  their  J" o^ 

combination,  as  in  Case  V.,  are  •^"'^^ 


all  the  common  divisors.  1-3-9-2-6-18-4-12-36 

Rule. — I.  Resolve  the  numbers  into  their  prime  factors. 
II.    Take  1  and  all  the  common  prime  factors,  and  all 
*he  numbers  arising  from  their  combination. 

Find  the  divisors  common  to 

2.  36  and  48.  Ans.  1,  2,  3,  4,  6,  12. 

8.  48,  96,  and  120.  Ans.  1,  2,  3,  4,  6,  8,  12,  24. 

4.  480,  720,  and  840.  Ans.  1,  2,  3,  4,  5,  6,  8,  etc. 

6.  576,  864,  1152,  and  1728.     - 

Ans.  1,  2,  3,  4,  6,  8,  9,  12,  etc. 


OREATEST   COMMON  DIVISOR.  69 

THE   GREATEST    COMMON    DIVISOR. 

173«  A  Divisor  of  a  number  is  a  number  that  will  ex- 
actly divide  it ;  or  it  is  an  exeunt  divisor  of  a  number. 

174.  A  Common  Divisor  of  two  or  more  numbers  is  a 
namber  that  exactly  divides  each  of  them. 

175.  The  Greatest  Common  Divisor  of  two  or  more 

numbers  is  the  greatest  number  that  exactly  divides  each 
of  them. 

NoTB. — ^The  greatest  common  divisor  may  be  represented  by  ttie  initials 
G.  C.  D. 


1.  A  factor  of  a  number  is  a  divisor  of  the  number ^  and 
of  any  number  of  times  the  number. 

2.  A  common  factor  of  two  or  more  numbers  is  a  factor 
of  their  greatest  common  divisor. 

3.  The  product  of  all  the  common  prime  factors  of  two 
or  more  numbers  is  their  greatest  common  divisor, 

4.  A  common  divisor  of  two  numbers  is  a  divisor  of  their 
turn  and  also  of  their  difference. 

Demonstration. — Take  any  two  nambers,  as  18  and  30,  of  which  6  is 
t  common  divisor.  Now  18  equals  three  times  6,  and  30  equals  five  times 
5;  and  their  sum  is  three  times  6  plus  five  times  6,  or  eight  times  6, 
which  coDtains  6;  their  difference  is  two  times  6,  which  also  contains  6. 

CASE  I. 

178«  When  the  numbers  are  amcUl  and  can  be  re€ul» 
ily  factored. 

177.  The  First  Method  consists  in  finding  the  common 

factors,  and  taking  their  product. 

1.  Find  the  greatest  common  divisor  of  66,  132,  and  198. 

SoLimoN. — ^We  write  the  numbers  operation, 

on<»  •beside  another  as  in  the  margin. 
Dividing  by  2,  we  see  that  2  is  a  factor  ^ 

Af  each  number ;  it  is  therefore  a  factor  3 

of  the  G.  C.  D.  (Prin.  2) ;  dividing  the        n 

quotients  by  3,  we  see  that  3  is  a  ractor  — — ^ 

of  each  number,  and  therefore  a  factor  1-2-3 

of  the  G.  C  D.;  in  the  same  way  we  see        G.C.D.= 2x3x11 =66. 

that  11 18  a  faEictor  of  the  G.  G.  D.:  now, 

lince  the  quotients  1, 2,  and  3  are  prime  to  each  other,  2,  3,  and  11 

all  the  conunon  fiictors:  hence  their  product  which  is  66,  is  the  G.  C 

D.  (Prin.  3.) 


66-132-198 
33-  66-  99 


11-  22.  33 
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Rule. — I.  Write  the  numbers  one  beside  another,  with  a 
vertical  line  at  the  left,  and  divide  by  any  common  factor  of 
all  the  numbers, 

II.  Divide  the  quotients  in  the  sam^e  manner,  and  thus 
continue  until  the  quotients  have  no  common  factor. 

III.  Take  the  product  of  all  the  divisors  ;  the  result  wiU 
be  the  greatest  common  divisor. 

Find  the  greatest  commoQ  divisor  of 

2,  270,  315,  and  405.  Ans.  45. 

8.  336,  384,  and  528.  Ans.  48. 

4.  504,  616,  aad  728.  Ans,  56. 

5.  392,  448,  and  504.  Ans.  56. 

6.  864,  1008,  and  1296.  Ans.  144. 

7.  756,  1008,  and  1260.  Ans,  252. 

8.  768,  1152,  1536,  and  1920.  Ans.  884. 

9.  3168,  3456,  3744,  and  4032.  Ans,  388. 

178.  The  Second  Method  consists  in  resolving  the 
numbers  into  their  prime  factors,  and  taking  the  product  of 
the  common  factors. 

1.  Find  the  greatest  common  divisor  of  66,  132,  and  198. 
Solution. — Besolving  the  numbers  operation. 

into  their  prime  factors,  we  find  2,  3,  66  =  2x3x11 
and  11  are  all  the  factors  common  to  132=2x2x3x11 
the  three  numbers;  hence  their  pro-  198=2x3x3x11 
duct,  which  Ls  66,  is  the  greatest  com- 
mon divisor  of  tliese  numbers  (Prin.  3).  G.  C.  D.  =:  2x  3x  11  =  66 

Rule. — Resolve  the  numbers  into  their  prime  factors,  and 
take  the  product  of  all  the  common  factors. 

Find  the  greatest  common  divisor  of 

2.  120,  210,  and  360.  Ans,  30. 
»•  252,  336,  and  420.  Ans.  84. 
4.  330,  495,  and  660.  Ans,  165. 
6.  204,  306,  and  510.  Ans.  102. 
«•  840,  1260,  and  1890.  Ans.  210. 
?•  336,  504,  840,  and  1008.  Ans,  168. 

8.  364,  728,  910,  and  2002.  Ans.  182. 

9.  560,  1008,  3136,  and  16016.  Ans,  112. 
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CASE  n. 

179«   IVhen  the  numbers  are  large  and  cannot  be 
readUy  factored. 

1.  Find  the  greatest  common  divisor  of  234  and  286. . 

Solution. — ^We  divide  286  by  234,  the  divisor  operation. 

234  bpr  the  remainder  52,  the  divisor  52  by  the        234)286(1 
remainder  26,  and  have  no  remainder;  then  will  234 

26  be  the  ereatest  common  divisor  of  284  and  286.  '~En\aoA  tA 

To  show  t£is  we  will  prove,  Ist,  that  ^  la;A  dwir  ^^a 

sorts  a  number  <^  times  the  O.  C  D.,  and  2d,  that  ^^ 

it  IB  <mee  the  O.  a  D.  26)52(2 

1st  2j^  last  renminder  is  a  number  of  times  52 

the  O.  CD.    For,  since  234  and  286  are  each  a  " 

number  of  times  the  G.  C.  D.,  their  difference  52 
is  also  a  number  of  times  the  G.  G.  D.  (Prin.  4);  and  since  234  and 
52x4,  or  208,  are  each  a  number  of  times  the  G.  CI.  D.,  their  difference 
26  is  also  a  number  of  times  the  G.  C.  D.    Hence  the  last  divisor,  26,  is 
a  number  of  times  the  G.  C.  D. 

2d.  The  last  divisor,  26,  is  once  the  G.  C.  D,  For,  smoe  26  divides  52, 
it  wiU  dlFide  52x4,  or  208  (Prin.  1),  and  will  also  divide  208+26,  or 
234  (Prin.  4);  and  since  it  divides  52  and  234,  it  wUl  divide  52+234,  or 
286 :  and  now,  since  26  divides  234  and  286,  and  is  a  fi«fii6er  cf  times  the 
O.  C.  D.,  26  must  be  <mee  the  G.  G.  D. 

NoTB. — ^In  the  latter  part  of  the  solution  it  may  be  shown  that  since  the 
G.  0.  D.  can  be  neither  greater  nor  less  than  26,  it  must  be  26. 


New  Fobm. — In  the  margin  on  the  right  is  a  more 
ooncifle  fonn  of  writing  the  division.  PupiU  should 
be  reqinired  to  adopt  it  after  they  become  funiliar 
with  the  common  form.  _ 

0 

Bule.^-I.  Divide  the  greater  number  by  the  less,  the  diou 
»or  by  ike  remainder ,  and  thus  continue  to  divide  the  last  di' 
friwr  by  the  laM  remainder  until  there  is  no  remainder ;  the 
last  divisor  will  be  the  greatest  common  divisor. 

II.  If  there  are  more  than  two  number s,  find  the  greatest 
eommon  divisor  of  two  of  them,  then  of  that  divisor  and  one 
of  tke  other  numbers,  etc.;  the  last  greatest  common  divisor 
mU  be  the  divisor  required. 

Notes. — 1.  In  finding  the  greatest  common  divisor  of  more  than  twp 
DomberB,  begin  with  the  smallest  two. 

2.  A  factor  of  any  number  not  found  in  the  others,  may  be  rejected, 
iince  it  if  not  a  foctor  of  the  Q.  C.  D. 

3,  An  obvious  common  factor  can  be  set  aside  as  forming  %  factor  of 
fhe  0.  C.  D.:  the  O.  C.  D.  of  the  other  factors  multiplied  by  this  eommon 
fiwtor  will  give  the  O.  C.  D.  required. 


operation. 

234 

286 
234 

1 

208 

52 

4 

26 

52 

2 
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Find  the  greatest  common  divisor  of 

2.  230  and  322.  Jln8.  4^ 

8.  1829  and  2419.  Ans.  59. 

4.  3139  and  4307.  Ans.  t3. 

6.  4183  and  6497.  Ans.  89. 

6.  256,  480,  and  1296.  Ans.  16. 

7.  2041,  8476,  and  9477.  Ans.  13. 

8.  292,  1095,  and  2044.  Ans.  73. 

9.  7011,  11193,  and  16113.  Ans.  123. 

10.  217473  and  309363.  Ans.  3063. 

11.  1389548  and  2247404.  Ans.  4468. 


1.  John  Smith  has  a  four-sided  field  whose  sides  are  256, 
292,  384,  and  400  feet  respeetiTel  j ;  what  is  the  length  of 
the  rails  used  to  fence  it,  if  they  are  all  of  equal  length  and 
the  longest  that  can  be  used  ?  Ans.  4  ft. 

2.  A  farmer  wishes  to  pi^t  364  bushels  of  oats,  455  bushels 
of  corn  and  637  bushels  of  wheat  into  bins  of  uniform  size 
without  mixing  the  different  grains ;  what  is  the  capacity  of 
the  largest  bin  that  may  be  used,  all  being  filled,  and  how 
many  are  required  ?  Ans.  91  bushels  ;  16  bins. 

3.  Four  drovers,  A,  B,  C,  and  D,  have  $584,  $657,  $803, 
and  $876  respectively;  now  suppose  they  should  pay  such  a 
price  per  head  for  cattle  as  would  exactly  use  each  man's 
money,  what  is  the  highest  price  per  head  they  could  give^ 
and  how  many  would  each  buy?  Ans.  8;  9;  11 ;  12. 

4*  A  gentleman  has  three  large  tracts  of  land,  containing 
870  acres,  1479  acres,  and  1740  acres,  which  he  wishes  to 
divide  into  small  farms  of  equal  size ;  what  is  the  largest 
number  of  acres  which  can  be  given  to  each  farm,  and  how 
many  farms  will  there  be  ?  Ans.  87  acres ;  47  farms. 

5*  There  is  a  triangular  field  whose  sides  are  288,  450, 
and  390  ft.  respectively ;  how  many  rails  will  it  require  to 
fence  it,  if  the  fence  is  5  rails  high,  and  what  must  be  the 
length  of  the  rails  if  they  lap  over  1  foot? 

An*s.  Length  of  rail,  7  ft. ;  number,  94(1. 
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ABBREVIATED  METHOD. 

ISO.  The  Abbreviated  Method  of  Greatest  Comiuoo 
Divisor  is  both  interesting  and  practical.  It  is  a  logical 
outgrowth  of  the  method  of  explanation  we  have  given. 

1.  Find  the  greatest  common  divisor  of  32  and  116. 

Solution. — ^We  take  4  times 
32,  which  18  128,  and  subtract 
116  from  it,  since  we  will  thus 
obtain  a  smaller  remainder  and 


ABBREVIATED 
METHOD. 


COMMON 
METHOD. 


32 


36 

4 


116 
128 


12 
12 


0 


3 
3 


32 

116 

96 

20 

20 

12 

12 

8 

8 

4 

8 

0 

1 
1 

1 

2 


h^ioe  be  nearer  once  the  G.  C. 
D.  tlum  if  we  subtract  3  times  32 
from  116.  We  then  take  3 
times  12,  or  36,  and  subtract 
32  from  it,  since  we  will  thus 
obtain  a  smaller  remainder  than 
if  we  subtract  2  times  12  from 
32,  and  hence  be  nearer  oTice 
the  G.  C.  D.,  etc 

Notes. — ^1.  In  the  mar^n  is  a  solution  of  the  same  problem  by  the  com 
mon  mettiod,  showing  that  in  this  problem  we  save  two  divisioDs  by  the 
Abbreviated  method. 

2.  The  method  is  applicable  wherever  it  will  give  a  smaller  remainder 
than  the  ordinary  method,  and  this  can  readily  be  determined  by  inspection. 

Rule. — Proceed  as  by  the  ordinary  method^  finding  the 
difference  between  the  dividend  and  such  a  multiple  of  the 
divisor  as  will  give  the  smallest  remainder. 

Find  the  greatest  common  divisor  of 
S.  693  and  4004. 
8.  615  and  3000. 

4.  195649  and  330479. 

5.  1015439  and  1994507. 


Ans.  77. 

Ans.  15. 

Ans,  97. 

Ans,  983. 


6.  1816667  and  3411167. 


Ans.  1063. 


LEAST  COMMON  MULTIPLE. 

181.  A  Multiple  of  a  number  is  one  or  more  times  the 
number ;  thus,  4  times  5,  or  20,  is  a  multiple  of  5. 

182.  A  Common  Multiple  of  two  or  more  numbers 
is  a  number  which  is  a  multiple  of  each  of  them ;  thus,  36  is 
a  common  multiple  of  3,  6,  and  9. 

188.  The  Least  Common  Multiple  of  two  or  more 

numbers  is  the  least  number  which  is  a  m\i\\,v^\^  ^l  ^^Osi^\ 
them;  thus,  18  is  the  least  common  mvi\W^\^  o^  ^>  ^,  wA^ 
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Note. — We  may  also  define  thuB :  a  multiple  of  a  number  is  anothei 
number  which  will  exactly  contain  the  former ;  or,  a  multiple  of  a  number 
Is  a  number  of  which  the  former  is  an  exact  divisor,  etc.  The  least  com- 
non  multiple  may  be  represented  by  the  initials  L.  C.  M. 


1.  A  multiple  of  a  number  is  exactly  divisible  by  thcU 
number. 

2.  A  multiple  of  a  number  must  contain  all  the  prime 
factors  of  thai  number, 

3.  A  common  multiple  of  two  or  more  numbers  must  con- 
tain  all  the  prime  factors  of  each  of  those  numbers. 

4.  The  least  common  multiple  of  two  or  more  numbers 

mv^  contain  all  the  prime  factors  of  each  number,  and.  no 

other  factors, 

CASE  I. 

IS4«  When  the  tMimbers  are  small  and  can  be  read' 
Uy  factored, 

185.  The  First  Method  consists  in  resolving  the  num- 
bers into  their  prime  factors,  and  taking  the  product  of  all 
the  different  factors. 

1.  Find  the  least  common  multiple  of  20,  30,  and  tO. 

Solution. — We  first  resolve  the  num-  operation. 

bers  into  their  prime  factors.    A  multiple  20  =  2x2x5 

of  20  must  contain  the  factors  of  20,  or  2,  30  =  2X3X5 

2,  6;  a  multiple  of  30  must  contain  the  70^2x5x7 

factors  of  30,  or  2,  3,  5  ;  a  multiple  of  70 

must  contain  the  factors  of  70,  or  2,  6,  7;        2x2x5X3x7  =  420. 
hence  the  least  common    multiple  of  20, 

30y  and  70  must  contain  all  these  different  factors  and  no  others  ;  there* 
fore  2X2X 5x3x7,  or  420,  is  the  L.  C.  M.  of  20,  30,  and  70  (Prin,  4). 

* 

Rule. — I.  Resolve  the  numbers  into  their  prime  factors* 
II.   Take  the  product  of  all  the  different  factors,  using 
each  factor  the  greatest  number  of  times  it  occurs  in  either 

number. 

Note. — Any  numbers  which  are  divisors  of  the  others  may  be  omlttedp 
ilnce  the  multiple  of  the  other  numbers  will  be  a  multiple  of  these. 

Find  the  least  common  multiple  of 

2.  25,  30,  and  42.  Ans.  1050. 

3.  11,  32,  and  40.  Ans.  1760. 

4.  66,  72,  and  96.  Ans.  2016. 


i 


12-15.85 


4-5-35 


4-1-7 
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$.  M,  84,  and  108.  Ans.  1612. 

••  30,  60,  84,  and  144.  Ans.  5040. 

3.  83,  55,  66,  77,  and  140.  Ans.  4620. 

8.  21,56,  63,  114,  and  171.  Ans.  9576. 

9.  86,  57,  60,  231,  and  330.  Ans.  263340. 

180.  The  Second  Method  consists  in  taking  out  the 
prime  factors  of  the  least  common  multiple,  and  finding  theii 
product 

1«  Find  the  least  common  multiple  of  24,  80,  and  70.         ^ 
Solution.— Placlnpf  the  numbers  one  opsbatiok. 

betide  another,  and  dividing  by  2,  we  find  2  24-30-70 

that  2  is  a  &ctor  of  each  of  them ;  it  is 

therefore  a  teudoT  of  the  L.  G.  M.  (Prln.  '  ^ 

4);  dividix^  the  Quotients  by  3,  we  find 

that  3  is  a  uctor  of  some  of  the  numbers; 

it  b  therefore  a  finctor  of  the  least  common 

multiple  (Prin.  4);  dividing  the  next  qao-  2x3x5x4x7=s840 

tients  Dv  5,  we  find  that  5  is  a  lactor  of 

some  of  the  numbers ;  it  is  therefore  a  £Bu;tor  of  the  L.  G.  M. ;  and  the 

quotientf  havinjg  no  other  common  factors,  we  see  that  all  the  difierent 

uustors  dr  the  ^ven  numbers  are  2,  3.  6,  4,  and  7 ;  hence  their  product, 

which  ia  840,  is  the  L.  G.  M.  required.    Hence  the  following 

Solo.— J.  Write  the  numbers  one  beside  another ,  divide  by 
any  prime  number  that  vnll  exactly  divide  two  or  mxyre,  and 
write  the  quotients  and  undivided  numbers  beneath, 

II.  Divide  the  qiLotients  in  the  same  manner,  and  thus 
contintie  until  no  two  numbers  in  the  lowest  line  have  a  com- 
mon  factor. 

III.  Take  the  product  of  the  divisors  and  final  quotients; 
the  resuU  will  be  the  least  common  multiple  required. 

Find  the  least  common  multiple  of 

$.  12,  18,  24,  and  27.  Ans.  216. 

!•  22,  33,  55,  and  66.  Ans.  330. 

i.  14,  19,  38,  and  57.  Ans.  798. 

6.  64,  84,  120,  and  216.  Ans.  60480 

6.  1,  2,  3,  4,  5,  6,  7,  and  8.  Ans.  840. 

7.  18,  36,  126,  40,  and  48.  Ans.  5040. 

8.  13,  37,  7,  91,  and  11.  Ans.  37037. 

9.  96, 126,  180,  and  252.  Ans.  10080. 

10.  15,  25,  45,  75,  135,  and  209  Ans.  141075. 


76  NORMAL     HIQHEE     AKITHMBTIC. 

CASS  n. 

iS7«  When  the  numbers  are  large  and  cannot  be 
readUy  factored. 

I.  Find  the  least  common  multiple  of  45  and  72. 
Solution. — ^The  greatest  common  diviaor  operation. 

of  these  numbers  is  9;  45  equals  5  times  9  45as5x9 

and  72  equals  8  times  9;  hence  the  L.  G.  M.,  72as8x9 

86  found  in  the  first  method,  is  5x9x8, 

which  equals  45x-V^;  and  which  we  see  is  L.  G.  M.^ 5x9x8 

(he  first  number  multiplied  by  the  second  divided  as  45X  V 

by  their  greatest  eommon  dwisor.     From  the 

result  of  this  operation  we  may  derive  the  following  rule: 

Bnle. — I.  Find  the  greatest  common  divisor  of  two  num' 
berSf  divide  one  number  by  it,  and  multiply  the  other  numr^ 
ber  by  the  quotient, 

II.  When  there  are  more  than  two  numbers,  find  the 
least  common  multiple  of  two  of  the  numbers,  and  then  of 
this  number  and  the  third  number,  etc. 

Find  the  least  common  multiple  of 

2.  1110  and  777.  Ans.  7770. 

3.  4087  and  4757.  Ans.  290177. 

4.  9797  and  10403.  Ans.  1009091. 

5.  9523  and  11663.  Ans.  1038007. 
0.  29606  and  35894.  Ans.  4056022. 

7.  94106  and  202484.  Am.  42724124. 

8.  9144407  and  10347059.  Ans.  31154994649. 

9.  4343,  6363,  and  7373.  Ans.  19973457. 
10.  56056,  99099,  777777.  Ans.  205333128. 


1.  What  is  the  least  sum  of  money  with  which  I  could 
purchase  either  pigs  at  $5,  sheep  at  $7,  cows  at  $40,  or 
horses  at  $75?  Ans,  $4200. 

2.  A  can  dig  5  rods  of  ditch  in  a  day,  B  8  rods,  C  12  rods, 
and  D  15  rods ;  how  many  rods  will  it  require  to  give  an 
exact  number  of  days'  work  for  each  ?  Ans.  120  rods. 

3.  The  circumferences  of  the  driving  wheels  of  four  loco- 
motives are  12,  18,  20,  and  21  feet  respectively;  what  is  the 
shortest  distance  in  which  each  wheel  can  make  an  exact 
number  of  revolutions  f  Ans.  1260  fb. 
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4.  Ay  Bf  Gf  and  D  start  from  the  same  point;  A  goes  a  mile 
in  15  minutes,  B  in  18  minutes,  C  in  21  minutes,  and  D  in 
25  minutes ;  how  far  can  each  travel,  and  all  return  to  the 
starting  point  at  the  same  time  ?  Ans.  A,  210 ;  etc. 

5.  There  is  an  island  120  miles  in  circumference,  and  A, 
B,  C,  and  D  start  to  travel  around  it;  A  goes  12  miles  a  day, 
B  15,  C  20,  and  D  24 ;  in  what  time  would  they  all  come 
together  at  the  starting  point?  Ans,  120  days. 

6.  The  circumferences  of  the  wheels  of  a  carriage  are  13 
and  16  feet  respectively;  a  nail  on  the  tire  of  each  was  on 
top  when  the  carriage  started ;  how  far  will  the  carriage  have 
gone  when  the  nails  shall  be  uppermost  for  the  450th  time, 
there  being  5280  feet  in  a  mile?  Ans.  17  mi.  3840  ft. 

ABBREVIATED  METHOD. 

188.  The  Abbreviated  Method  of  Least  Common 
Multiple  here  given  will  be  found  useful  in  practice. 

I.  Find  the  least  common  multiple  of  45,  48,  80,  and  120 

Solution. — Having  written  the  numbers  in  a         operation. 
line  as  m  the  last  method,  we  cut  off  120,  the  right        45-48-80- 1 120 

hand  number.    Now,  the  least  common  multiple  '  .   

must  consist  of  120,  multiplied  hy  thoie  factors  of         ^"^"1^ 
the  other  numbers  which  are  not  found  in  120 ;  3-1 

dividing  45  hy  15,  the  greatest  divisor  common 
to  it  and  120,  we  obtain  3;  dividing  48  by  24,  the  greatest  divisor  com- 
mon to  it  and  120,  we  have  2 ;  dividing  80  in  the  same  way,  we  have  2. 
As  the  £Bu;tors  thus  obtained  are  not  prime  to  each  other,  we  cut  off  2, 
and  divide  by  the  greatest  divisors  common  to  it  and  3  and  2  resf^ect- 
ively,  when  we  have  3  and  2  as  the  only  factors  of  the  L.  C.  M.  not 
contained  in  120.  Multiplying  120  by  these  factors,  we  have  720  for  tlie 
L.  C.  M.    Hence  the  following 

Rule. — ^I.  Write  the  numbers  one  beside  another,  cut  off 
any  convenient  number y  generally  the  largest,  and  draw  a 
line  beneath  them, 

II.  Divide  each  remaining  number  by  the  greatest  divisor 
common  to  it  and  the  number  cut  off.  If  the  factors  thus 
obtained  are  not  prime  to  each  other,  cut  off  one  of  them 
and  proceed  as  before  until  all  the  factors  are  prime  to 
eacKother, 

III.  Multiply  the  numbers  cut  off  and  the  last  row  of, 
factors  together  for  the  least  common  multiple 
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NoTSB.— 1.  If  one  number  is  contained  in  any  of  tlie  othen,  it  may  be 
omitted. 

2.  If  the  number  cut  off  is  found  to  be  prime  to  the  others  in  the  same 
line,  cut  off  another  and  proceed  as  before,  reserving  the  first  as  a  factor 
of  the  L.  C.  M. 

Find  the  least  common  multiple  of 

2.  30,  80,  120,  and  135.  Am.  2160. 

8.  tt,  91,  143,  and  165.  Arts.  15015. 

4.  93,  132,  232,  and  319.  Arts.  237336. 


OV  OBBA.TB8T  OOMMON  DITISOB  AND  LBA8T  OOMMON  MULTIPLM. 

189*  These  General  Principles  express  the  relations 
between  the  greatest  common  divisor  and  the  least  common 
multiple. 

1.  The  greatest  comman  divisor  of  two  or  more  Jiumbera 
ia  a  divisor  of  their  least  common  multiple, 

2.  The  product  of  tvoo  numbers  divided  by  their  greatest 
common  divisor  equals  their  least  common  multiple. 

8.  The  product  of  the  relatively  prime  parts  of  two  or 
more  numbers  multiplied  by  the  G.  G.  D.  equals  the  L.  G,  M, 

4.  ITie  quotient  of  the  L,  G.  M,  of  two  or  more  numbers, 
divided  by  their  O,  G,  Z>.,  equals  the  product  of  the  factors 
not  common, 

5.  The  prime  factors  not  common  may  be  found  by 
resolving  the  quotient  of  the  L.  G.  M,  divided  by  the  G.  G. 
D.  into  its  prims  factors. 

6.  Uie  G.  G.  D.,  multiplied  by  each  of  the  factors  not 
common,  will  give  numbers  having  the  sams  O,  G.  D,  and 
L.  G  M. 

KoTS. — The  pupil  may  be  required  to  illustrate  these  principles. 


1.  The  L.  C.  M.  of  6  and  8  and  a  number  prime  to  each 
of  them  Is  120;  what  is  the  third  number? 

Solution. — 120  contains  all  the  factors  of  6,  operation. 

of  8,  and  of  the  3d  number;  hence  all  the  factors  ^20  =  2'  X  3X5 

of  120  not  found  in  6  and  8  constitute  the  third  6=:  2x3 

number.    The  only  factor  is  5,  therefore  5  is  the  8  =  2x2x2 

number  required.  ^.^  5  ^  t^g  number 
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2.  The  L.  C.  M.  of  8,  12,  and  45,  and  another  number 
prinae  to  each,  is  2520 ;  required  the  number.  Ans,  t. 

8.  The  G.  G.  D.  of  two  numbers  is  5,  and  their  L.  C.  M, 
is  30;  what  are  the  numbers?      Ans.  10,  15,  or  5  and  30. 

4.  The  L.  C.  M.  of  6,  9,  10,  and  a  fourth  number,  is  630; 
what  is  the  smallest  number  that  it  may  be  ?  Ans.  7. 

6.  The  G.  C.  D.  of  two  numbers  is  12,  and  their  L.  C.  M 
is  t2;  required  the  numbers.  Ans.  24,  36. 

6*  The  G.  C.  D.  of  three  numbers  of  two  factors  each  is 
7,  and  their  L.  C.  M.  is  210;  required  the  numbers. 

Ans.  14,  21,  35. 

7.  What  two  numbers  between  13  and  78  have  the  latter 
for  their  L.  C.  M.  and  the  former  for  their  G.  C.  D.  ? 

Ans.  26,  39. 

8.  What  three  numbers  of  two  factors  each  between  17 
and  510  have  the  former  for  their  G.  C.  D.  and  the  latter 
for  their  L.  C.  M.  ?  Ans.  34,  51,  85. 

9*  Find  a  number  between  209  and  247  which  has  with 
each  of  them  the  same  G.  C.  D.  that  they  have  with  each 
other.  Ans.  228. 

1(K  Find  3  numbers  between  161  and  1265  which  have  the 
same  L.  C.  M.  as  these  numbers.  Ans.  253,  385,  805. 

11.  Find  3  numbers  between  119  and  187  which  have  the 
same  G.  C.  D.  as  these  numbers.  Ans.  136,  153,  170. 

12«  Required  three  numbers  between  119  and  374  which 
have  with  these  numbers  the  same  L.  C.  M.  as  the  numbers 
themselves.  Ans.  154,  187,  238. 

18.  The  G.  C.  D.  of  four  composite  numbers  of  two 
factors  each  is  11,  and  their  L.  C.  M.  is  2310;  what  are  the 
numbers?  Ans.  22,  33,  55,  77 

14.  Required  all  the  numbers  whose  G.  C.  D.  is  45  and 
L.  0  M.  is  4680. 

^718.  45,  90,  180,  360,  585,  1170,  2340,  4680 
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CANCELLATION. 

iOO«  Cancellation  is  the  process  of  abbreyiating  arith- 
metical operations  by  rejecting  equal  factors  from  both  divi- 
dend and  divisor. 

19l«  The  Sjrmbol  of  Cancellation  is  an  obliqae  line 
drawn  across  a  figure ;  as  ^,  ^,  ^,  etc. 


1.  The  cancelling  of  a  factor  from  any  number  divicUss 
the  number  by  that  factor, 

2.  The  cancelling  of  a  factor  from  both  dividend  and  di* 
visor  will  not  change  the  quotient. 

I.  Divide  21x24x76  by  14x36. 

Solution. — We  cancel  the  common  factor  12         operation. 
from  24  and  36,  writing  2,  the  other  factor  of  3      2    25 

24,  above  24,  and  3,  the  other  £ictor  of  36,  below        2/x?^X7^ 
36;  then  cancel  the  common  factor  7  from  21  >       — — — rrr: — :=75 
and  14,  writing  3,  Hie  other  factor  of  21,  aljove  '^q      g 

21,  and  2,  the  other  factor  of  14,  below  14 ;  the  ^      ^ 

common  factor  2  is  then  cancelled,  and  since 

3  is  contained  m  75,  we  cancel  the  3  and  75,  writing  25  above  75. 
Multiplying  together  3  and  25,  tlie  remaining  factors,  we  have  75. 

Rule. — I.  Cancel  the  common  factors  from  the  dividend 
and  divisor. 

II.  Then  divide  the  product  of  the  remaining  factors  of 
the  dividend  by  the  product  of  the  remaining  factors  of  the 
divisor. 

Notes. — 1.  The  unit  1  takes  the  place  of  a  cancelled  factor,  but  need  not 
be  written,  except  in  the  dividend  of  the  quotient,  when  there  are  no  other 
factors  of  the  dividend. 

2.  A  factor  iu  one  term  will  cancel  two  or  more  factors  in  the  other 
term,  when  their  product  is  equal  to  the  former. 

2.  Divide  24x9x10  by  6x4x5.  Ans.  18. 

8.  Divide  42  x  18  x  60  x  4  by  t  x  24  x  8  x  2.  Ans.  61^. 

4.  Divide  5x16x81x63  by  8x7x9x45.      Ans.  IS. 

5.  Divide  100  x  33  X  250  by  125  x  150.      Ans.  44. 

6.  Divide  225  x  65  x  320  by  26  X  150  x  16.    Ans.  t5. 

7.  Divide  16  x  40  x  60  x  28  by  80  x  24  x  7.    Ans.  80. 

8.  Divide  231  x  95  x  384  x  150  by  24  x  38  x  21  x  112. 

Ans.  589f 
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9.  DiTide  432x 529x  441  bj  2T x  23x  7  x  9 

Am.  2576. 
10.  Diyide  9801x2025x2401  bj  891x45x77. 

An*.  15435. 

PWAfTTTCATi    FBOBX^MS. 

]•  How  manj  yards  of  alpaca,  at  4-S  cents  a  yard,  cao  be 
obtained  for  36  bosheLs  of  com  at  84  cents  a  bushel  ? 

SoLunov. — If  one  bushel  of  com  u  vorth  operation. 

84  cents,  36  boshek  are  worth  'S6x^  cents;  3    21 

for  36X84  oenlB  al  48  oeoiB  a  yard,  we  can  get  tf  x^ 

as  many  jards  of  alnaca  as  48  is  oontai^d  -^ — ^63  ^ns. 

times  in  36x84^  which  we  find  br  eanoellation  ^ 
to  be  63.                                       '  ^ 

2.  How  many  barrels  of  pork,  at  $16  a  barrel,  can  be  ob- 
tained for  64  tons  of  hay,  at  $23  a  ton?  Ans.  92. 

8.  A  merchant  sold  18  hhd.  of  molasses,  each  containing 
75  gaL,  at  64  cents  a  gal.,  and  receired  in  payment  a  num- 
ber of  chests  of  tea,  each  containing  24  pounds,  at  90  cents 
a  pound;  how  many  chests  were  there?  Ans.  40. 

4*  Multiply  45  by  6  times  25  and  diride  by  91 ;  multiply 
the  quotient  by  13  times  63  and  divide  by  81 ;  multiply  this 
result  by  12  times  19  and  divide  by  6  times  95.  Arts.  300. 

6.  A  dealer  exchanged  Minnesota  extra  flour,  at  $9.50  per 
barrel,  for  19  cases  of  children's  shoes,  each  containing  60 
pairs,  at  $1.25  a  pair;  how  many  barrels  of  flour  were  ex- 
changed? Ans.  150  barrels. 

^  A  commission  merchant  sold  21  bales  of  ''middling 
upland  "  cotton,  each  containing  400  pounds,  at  16  cents  a 
pound,  and  received  in  payment  16  hogsheads  of  molasses, 
containing  120  gallons  each;  what  was  the  cost  of  the 
molasses  per  gallon?  Ans.  70  cents. 

7.  A  grocer  bought  7  chests  of  souchong  tea,  containing 
24  pounds  each,  at  $1.05  per  pound;  how  many  firkins  of 
butter,  at  35  cents  a  pound,  will  be  required  to  pay  for  it, 
each  firkin  containing  56  pounds?  Ans.  9  firkina 

6 
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SECTION    IV. 

COMMON    FRACTIONS. 

192.  A  Fraction  is  a  number  of  the  equal  parts  of  a 
unit ;  as  3  fourths. 

193.  A  Fractional  Unit  is  one  of  the  equal  parts  of  the 
Unit.     A  Fraction  is  a  number  o{ fractional  units* 

194.  Similar  Fractional  Units  are  those  which  are 
alike;  as  ^  fourths^  Z  fourths. 

195.  Dissimilar  Fractional  Units  are  those  which  are 
unlike ;  as  3  fourths^  4  fifths. 

190.  Fractions  are  divided  into  two  classes ;  common 
fractions  and  decimal  fractions, 

197.  A  Common  Fraction  is  one  in  which  the  unit  is 
divided  into  any  number  of  equal  parts. 

198.  A  Decimal  Fraction  is  a  number  of  the  decimal 
divisions  of  the  unit. 

Notes. — 1.  Units  are  distinguished  as  Integral  unitt  and  FraetUmal 
unit*.  The  word  Unit,  without  any  qualifying  word,  means  the  Integral 
unit.  When  the  term  fraction  is  used  without  any  qualifying  word,  the 
common  fraction  is  meant. 

2.  A  fraction  implies  three  things  :  Ist,  a  thing  to  be  divided ;  2d,  equal 
parts  of  the  thing ;  and  3d,  the  number  ofpartx  taken — that  is,  the  itUegral 
unitf  the  fractional  unit  and  its  relation  to  the  integral  unit,  and  the  number 
of  fractional  units  taken. 

fS.  The  primary  conception  of  a  fraction  is  that  it  is  a  number  of  eq^tdl 
parts  of  a  unit.  It  may,  however,  be  regarded  as  a  number  of  equal  parts 
of  one  thing,  or  one  equal  part  of  a  number  of  things.  Thus,  fourjiflhs 
may  be  regarded  9i&  four-fifths  of  one  or  one-fifth  of  four. 

199.  A  Common  Fraction  is  expressed  by  two  num- 
bers, one  written  above  the  other,  with  a  line  between  them. 
Thus,  ^  expresses  4  fifths. 

200.  The  Denominator  denotes  the  number  of  equal 
parts  into  which  the  unit  is  divided ;  it  is  written  below  the 
line. 

201.  The  Numerator  denotes  the  number  of  equal  parts 
which  are  taken  ;  it  is  written  above  the  line. 
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202.  The  Teni^s  of  a  fraction,  called  respectively  the 
Numerator  and  the  Denominator^  are  the  two  numbers  bj 
which  it  is  expressed. 

CLASSES  OF  CX)MMON  FRACTIONS. 

203.  Common  Fractions  consist  of  three  principal 
classes;  namely,  Simple,  Compound,  and  Complex, 

304.  A  Simple  Fraction  is  a  fraction  having  a  single 
integral  numerator  and  denominator;  as,  |,  |. 

305.  A  Proper  Fraction  is  a  simple  fraction  whose 
value  is  less  than  a  unit;  as,  f,  f. 

306.  An  Improper  Fraction  is  a  simple  fraction  whose 
value  is  equal  to  or  greater  than  a  unit ;  as,  |,  |-,  ^,  etc. 

307.  A  Compound  Fraction  is  a  fraction  of  a  fraction ; 
as,  I  of  I,  ^  of  f  of  I,  etc. 

308.  A  Complex  Fraction  is  one  whose  numerator  or 

4     #   I  of  4 
denominator,  or  both,  are  fractional;  as,  — ,  -i,  ^    1  f . 

309.  A  Blixed  Number  consists  of  an  integer  and  a 
fraction  ;  as,  2^,  7f ,  etc. 

310.  An  Integer  may  be  expressed  fractionally  by  writ» 
mg  1  under  it  as  a  denominator ;  as,  6=f. 

311«  The  Reciprocal  of  a  quantity  is  a  unit  divided  by 
that  quantity ;  thus  the  reciprocal  of  5  is  \, 

Notes. — 1.  A  fraction  means  primarily  Apart,  hence  only  &  proper  frac- 
tion is  properly  a  fraction.  The  improper  fraction  is  not  properly  a  fraction 
according  to  the  primary  signification  of  the  term. 

2.  The  complex  fraction  is  not  properly  a  fraction,  according  to  the  defini- 
tion  of  a  fraction,  or  the  functions  ascribed  to  the  terms.  ThuS)  if  the  de- 
nominator is  i  it  indicates  that  the  unit  is  divided  into  }  equal  i>art8,  which 
is  impossible. 

TTtZNCJFUBS  OF  TSS  TSHMS. 

212.  The  Principles  of  the  terms  state  the  use  and 
relation  of  the  terms  of  a  common  fraction. 

1.  The  numerator  expresses  the  number  of  fractional 
units  taken. 

2.  I'he  denominator  expresses 

a.   The  number  of  equal  parts  into  whiGh  IKa  Uf«X  \a 
divided. 


^.- 
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6.   The  number  of  fractional  units  which  equul  ihe  unit 
c.   The  kind  and  denomination  of  the  fractional  units. 

3.  When  the  numerator  of  a  fraction  is  equal  to  the  de* 
nominator,  the  fraction  is  equal  to  1. 

4.  WJien  the  numerator  of  a  fraction  is  less  than  the  de^ 
nominator,  the  fraction  is  less  than  1. 

5.  JVhen  the  numerator  of  a  fraction  is  greater  than  the 
denominator f  the  fraction  is  greater  than  1. 

NUMERATION  AND  NOTATION. 

313.  Numeration  of  Fractions  is  the  art  of  reading  a 
fraction  when  expressed  by  figures. 

Rule. — Read  the  number  of  fractional  units  expressed  by 
ihe  numerator,  and  give  them  the  name  indicated  by  the  de- 
nominator. 

Read  the  following  fractions : 

1-  I  h  8-  -B,  H-  6.  ii  ii^. 

314.  Notation  of  Fractions  is  the  art  of  expressing 
fractions  by  means  of  figures. 

-  Rule. —  Write  the  number  of  fractional  units,  draw  a  line 
beneath,  under  which  write  the  number  which  indicates  the 
kind  of  fractional  units. 

Write  the  following  fractions : 


1.  Two-thirds. 

2.  Three-fourths. 
8.  Ten-twelfths. 

*•  Five  twenty-firsts. 


5.  Nineteen  twenty-seconds. 

6.  Fifty-three  hundredths. 

7.  Fifty  three-thousandths. 

8.  Forty-five  ten-millionths. 


ANALYSIS  OF  FRACTIONS. 

315.  To  Analyze  a  fraction  is  to  explain  what  is  ex- 
pressed by  the  fractional  notation. 

1.  Analyze  the  fraction  ^, 

Solution. — In  the  fraction  |,  the  denominator  6  indicates  that  the 
iinit  is  divided  into  5  equal  parts,  and  the  numerator  4  denotes  that  4  of 
these  parts  are  taken. 
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Analyze  the  following  fractions : 

CASES  OF  FRACTIONS. 

316.  The  Number  of  Cases  of  common  fractions  is  eight 
They  are  as  follows: 


1.  Reduction. 

2.  Addition. 

3.  Subtraction. 


6.  Division. 

6.  Relation  of  Fractions. 

t.  Greatest  Common  Divisor. 


4.  Multiplication.  I  8.  Least  Common  Multiple. 

METHODS  OF  TREATMENT. 

317.  There  are  Two  Methods  of  treating  common  frac- 
tions, which  may  be  distinguished  as  the  Inductive  and  De- 
ductive Methods. 

318.  By  the  Inductive  Method  we  solve  all  the  differ- 
ent cases  by  analysis,  and  derive  the  rules  or  methods  of  oper- 
ation from  these  analyses  by  inference  or  induction. 

319.  By  the  Deductive  Method  we  first  establish  a  few 

general  principles,  and  then  derive  the  rules  or  methods  of 
operation  from  these  general  principles. 

Note. — These  two  methods  are  entirely  distinct  In  principle  and  form, 
and  demand  attention.  We  have  given  both  methods,  and  teachers  may 
use  either  or  both,  as  they  choose.  The  first  solution  given  under  each  case 
is  by  the  inductive  method,  the  second  solution  is  by  the  deductive  method. 

FHIlTCIFZiBS   OF    FZeACTIOlTS. 

1.  Multiplying  the  numerator  of  a  fraction  by  any  num- 
ber multiplies  the  value  of  the  fraction  by  that  number. 

If  we  multiply  the  numerator  of  any  fraction  by  any  number,  as  5,  the 
resulting  fraction  will  express  5  times  as  many  fractional  units,  each  of 
the  same  size  as  before,  hence  the  value  of  the  fraction  is  6  times  as 
great.     Therefore,  etc. 

2.  Dividing  the  numerator  of  a  fraction  by  any  number 
divides  the  value  of  the  fraction  by  that  number. 

If  we  divide  the  numerator  of  a  fraction  by  any  number,  as  4,  the 
resulting  fraction  will  express  J  as  many  fractional  units,  each  of  the 
ftame  size  as  before,  hence  the  value  of  the  fraction  is  divided  by  4. 

3.  Multiplying  the  denominator  of  a  fraction  by  any 
number  divides  the  value  of  the  /raction  bx)  tl\Ql  uuixAbeT. 
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Since  the  denominator  denotes  the  number  of  equal  parts  into  ichich 
the  unit  is  divided,  if  we  multiply  the  denominator  of  a  fraction  hy  any 
number,  as  5,  the  unit  will  be  divided  into  5  times  as  many  equal  parts, 
hence  each  fractional  unit  will  be  4  as  large  as  l»efore,  and  the  same 
number  of  fractional  units  being  taken,  the  value  of  the  fraction  is  J 
as  great. 

4.  Dividing  the  denominator  of  a  fraction  by  any  number 
multiplies  the  value  of  the  fraction  by  that  number. 

Since  the  denominator  denotes  the  number  of  equal  parts  into  which 
tlie  unit  is  divided,  if  we  divide  it  by  any  number,  as  6,  the  unit  will 
be  divided  into  ^  as  many  equal  parts,  hence  each  fractional  unit  will 
be  6  times  as  large  as  before,  and  the  same  number  of  fractional  units 
being  taken,  the  value  of  the  fraction  will  be  6  times  as  great. 

6.  Multiplying  both  numerator  and  denominator  of  a 
fraction  by  the  same  number  does  not  change  its  value. 

Since  multiplying  the  numerator  multiplies  the  value  of  the  fraction, 
and  multiplying  the  denominator  divides  the  value  of  the  fraction, 
multiplying  both  numerator  and  denominator  both  multiplies  and 
divides  the  value  of  the  fraction  by  the  same  number,  and  hence  does 
not  change  its  value. 

6.  Dividing  both  numerator  and  denominator  of  a  frac- 
tion by  the  same  number  does  not  change  its  value. 

Since  dividing  the  numerator  divides  the  value  of  the*  fraction,  and 
dividing  the  denominator  multiplies  the  value,  dividing  both  numerator 
and  denominator  both  divides  and  multiplies  the  value  of  the  fraction, 
and  hence  does  not  change  its  value. 

t.  A  fraction  is  equal  to  the  quotient  of  its  numerator 
divided  by  its  denominator. 

For  the  fraction  f  is  the  same  as  4  times  } ;  but  4  times  J  is  equal 
to  J  of  4;  and  J  of  4  is  equal  to  4  divided  into  5  equal  parts;  ana  to 
divide  a  number  into  5  equal  parts  we  must  divide  it  by  5;  hence 
J  is  equal  to  4  divided  by  5;  and  since  this  is  general,  therefore  the 
principle  is  correct. 

Note. — Authors  usually  assume  this  principle  as  true,  but  it  is  clear 
that  it  is  not  an  immediate  inference  from  the  explanation  that  the 
denominator  denotes  the  number  of  equal  pai-ts  into  which  the  unit  is 
divided,  and  the  numerator  expresses  the  number  of  equal  parts  taken. 

220»  These  principles  may  be  embodied  in  one  general 
law  as  follows : 

General  Principle. — A  change  in  the  numerator  by 
multiplication  or  division  produces  a  similar  change  in  the 
value  of  the  fraction,  but  such  a  change  in  the  denominator 
produces  an  opposite  change  in  the  value  of  the  fraction. 


REDUCTION     OP     FRACTIONS. 


87 


REDUCTION     OF    FRACTIONS. 

* 

231.  The  Reduction  of  Fractions  is  the  process  of 
changing  their  form  without  altering  their  value. 

There  are  Six  Cases  of  reduction : 

4th.  To  lower  terras. 

5th.  Compound  to  simple. 

6th.  Complex  to  simple. 

Note. — Reducing  to  a  Common  Denominator  and  a  Commxm  Numerator 
arc  included  in  these  six  cases. 


1st,  Numbers  to  fractions. 
2d.  Fractions  to  numbers. 
3d.    To  higher  terms. 


CASE  I. 

To  reduce  whole  or  tnioced  numbers  to  improper 
fractions. 

1.  How  many  fifths  in  tf  ? 


Solution. — In  one  there  are  5  fi/thsj  and  In  7  there 
are  7  times  5  fifths,  or  35  fifths,  which  added  to  3 
fifths  equals  38  fifths.    Therefore  7i  =  ^, 

Solution  2d. — 7  equals  ^,  and  multiplying  both 
terms  by  5,  we  have  i  =  ^-  (Prin.  5);   and  Jy4-|  = 

V.    Therefore  7f=V. 


operation. 
5_ 

¥ 

OPERATION. 

7  =  |=¥ 


¥-+*=¥. 

Rule. — Multiply  the  whole  number  by  the  denominator  of 
the  fraction f  add  the  numerator  to  the  product ^  and  writt 
the  denominator  under  the  sum. 

Reduce  the  following  to  improper  fractions : 


2. 

m- 

3. 

23|. 

4. 

27f 

o. 

46|. 

Ans.  ^ 
Ans,  H^ 


Ans.  ^^ 


6.  96J. 

7.  25  to  sixths.  Ans,  -i-P 


Ans.  ^"P 
Ans.  ^^ 


w 


8.  126yV 
0.  36511. 

10.  483^. 

11.  t63ff. 

12.  25-^\. 

13.  424|f. 


Ans.  JL||l 

A718,  4f. 
Ans,  ^^, 
Ans.  ^4^.1. 

Ans.  ^^. 
Am.  J^^ 


CASE  II. 

2'2^m  To   reduce   impt*oper  fractions   to   whole   or 
mixed  numbers* 

1.  How  many  units  in  ^? 

Solution. — In  one  there  are  |,  hence  in  -^  there      operation 
are  as  many  ones  as  7  is  contained  times  in  25,  which  iSl-— %V, 

are  3 J.    Therefore  ^  equals  3f 
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Solution  2d. — Since  by  Prin.  6,  dividing  both  terms  by  the  same 
number  does  not  change  the  value  of  the  fraction,  by  dividing  both 

terms  by  7,  we  have  -^  or  3f . 

Rule. — Divide  the  numerator  by  the  denominator  and  the 
quotient  will  be  the  whole  or  mixed  number. 
Reduce  to  whole  or  mixed  numbers, 

Ans,  4. 

Ans,  7. 


2. 

¥• 

8. 

¥• 

4. 

n 

6. 

H- 

6. 

w- 

Ans,  4^. 

Ans,  5^. 

Ans,  26^. 


7.  ^^.  Ans.  18^ff. 

8.  ^,  Ans,  36JJ. 

9.  J^/.  Ans,  53y|^. 

11.  %W-  ^^s-  27iH|- 


CASS   III. 
3!SII«  ^o  reduce  fractiofia  to  higher  terms. 

336.  Reducing  a  Fraction  to  higher  terms  is  the 

process  of  reducing  it  to  an  equivalent  fraction  having  a 
greater  numerator  and  denominator. 

1.  How  many  twentieths  in  |? 

SoLTJTioi?. — In  one  there  are  |^,  and  in  \  there  are  \  of  }J,  which 
are  ^%,  and  in  |  there  are  4  times  ^'^,  which  are  J  J ;  therefore  |  =  J  J. 

Solution  2d. — Since  multiplying  both  numera-  operation. 
tor  and  denominator  of  a  fraction  by  the  same  num-  4x4 

ber  does  not  alter  its  value  (Prin.  6),  we  multiply  1=7 — i^H- 
both  terms  by  4,  which  gives  us  |  =  JJ.  oy^^ 

Rule. — Multiply  both  numerator  and  denominator  by  the 
number  which  will  give  the  required  denominator, 

2.  Reduce  ^,  f,  and  |  to  twelfths.  Ans,  -j^,  ^,  -J  J 

3.  Reduce  f ,  ^,  and  ^  to  twentieths.      Ans.  ^i  i^j  H 

4.  Reduce  f ,  f ,  and  ^  to  twenty-fourtht^.  x^ns,  ^,  f^,  ^\. 

5.  Reduce  f ,  f ,  and  |  to  forty-eighths,      -^n^.  ff ,  ff ,  ff . 

6.  Reduce  |,  ^,  and  f  to  sixty-thirds.        Ans.  |^J,  ||,  |"|. 
1.  Reduce  |,  f  |,  ^,  {^  to  240ths. 

^^«.  m  m  HI.  lit,  M*. 

CASE   IV. 

227«  ^'o  reduce  fractions  to  lower  terms. 

228.  Reducing  a  fraction  to  lower  terms  is  the  pro- 
cess of  reducing  it  to  an  equivalent  fraction  having  a  small- 
er  numerator  and  denominator. 
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Principle. — A  fraction  is  in  its  lowest  terms  wlien  the 
numerator  and  denominaior  are  prime  to  each  other, 

1.  Reduce  ^  to  its  lowest  terms. 

Solution.— One  equals  \%  and  \  e<^uals  -^ ;  since  3%  equals  one-fifth, 
}f  equals  as  many  fifths  as  4  is  contained  times  in  16,  which  is  4 ;  hence 
JJ  equals  |.    Therefore,  etc. 

Solution  2d. — Since  dividing  both  terms  of  a        operation. 
fraction  b^  the  same  number  does  not  change  its        4)M=I  Atia, 
value  (Prin.  6),  we  may  reduce  AJ  to  lower  terms 
by  dividing  both  numerator  ana  denominator  by  4,  which  gives  i}, 
equal  to  } ;  and  since  4  imd  5  are  prime  to  each  other,  the  fraction  is  in 
its  lowest  terms.    Therefore,  etc. 

Rule  I. — Divide  both  terms  successively  by  their  com- 
mxm  factors. 

Rule  II. — Divide  both  terms  by  their  greatest  common 
divisor. 

Reduce  the  following  fractions  to  lowest  terms. 


2-  e- 

»•  Ml- 


Ans,  ^. 

7. 

Ans,  f. 

8. 

Ans,  ^, 

9. 

Ans,  f. 

10. 

Ans.  ^, 

11. 

^TBT'  Ans,  \^, 

tWi?4.  Ans,  fj. 


CASE    V. 
ISI99.  To  reduce  compound  fractions  to  simple  ones. 

1.  What  is  I  off? 

Solution. — \  of  ^  is  one  of  the  three  eaual  operation. 

parts  into  which  \  may  be  divided.    If  each  fifth  lof  4  = 

IS  divided  into  three  equal  parts,  5  fifths,  or  the  2x4 

unit,  will  be  divided  into  5  times  3  or  15  equal  - — £  =  i%  '^^• 

parts ;  hence  each  part  is  y^  of  a  unit    Since  J  «>  X  o 
of  i  is  T^y,  J  of  I  is  4  times  ^y  or  ^^  and  }  of  | 
b  2  times  ^  or  ^^,    Therefore  J  of  ^  is  ^5. 

Solution  2d. — \  of  J  equals  ^  (Prin.  3),  and  since  J  of  4  =  ^,  f  of 
4  equals  2  times  ■^,  which,  by  Prin.  1,  equals  ■^, 

Rule. — Multiply  the  numerators  together  and  the  denomi- 
nators together y  cancelling  the  factors  common  to  both  terms. 

Notes. — 1.  The  problem  gfiven  above  may  be  solved  thus :  !  =  }§,  and 
}  of  ^  =  ^.  But  this  merely  obtaifis  the  results,  without  showhaig  the 
reason  for  the  operation. 

2.  Reduce  whole  or  mixed  numbers  to  fractions  before  commencliig^iXsft, 
reduction  to  a  simple  fraction.    To  reduce  coTa\\ex.  ^t^jc^cycA  \a  ^>ssv^^ 
ones,  see  Art.  249. 
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What  is  the  value  of 


t>-  f  of|? 

3.  I  of  if? 

4.  iof|f? 

6.  ilofM? 
6.  -KofH? 


-4n8.  ^. 
Ans,  \^, 
Arts,  ^, 
Ans.  ||. 
Ans,  Iff. 


7.  H^fM? 

14.  i^of^^of^of  Iff? 

15.  |of«off^ofHofi 

16.  l^i^ofe^of^ofl 


8.  ^of^offf? 

9.  *ofHoftt? 

10.  ^ofHofM? 

11.  <^off|of||? 

12.  fofHoffl? 
1»-  MofMofi«?^ns.H. 

eofl3^?  Ans.\. 

f  bf29fi  of6|iof2T^? 

Ans.  1080. 


-4718.  i}^ 
^W8.  T^V 

Ans,  \\. 
Ans.  -j^. 


COMMON  DENOMINATOR. 

IS30.  A  Common  Denominator  is  a  denominator  com- 
Qion  to  several  fractions. 

Principle. — A  common  denominator  of  several  fractions 
is  a  common  multiple  of  their  denominators. 

1  •  Reduce  f ,  ^,  and  j^  to  a  common  denominator. 

Solution. — Since  the  product  of  the  denomina-  operation. 

tors  of  the  fractions  is  a  common  multiple  of  their  a   «    y— - 

denominators.  5x7x8,  which  equals  280,  will  be  |i J' lil^  |44. 
the  common  denominator.    Then  multiplying  both  "°* 

terms  of  |  by  7  and  8,  we  have  {  =  Jf  J  (Prin.  5). 
Multiplying  both  terms  of  f  by  5  and  8  we  have  J  =  JfJ,  etc.    Henoe 
the  following 

Rule. — Multiply  both  terms  of  each  fraction  by  the  de- 
f**/minators  of  the  other  fractions. 

Reduce  to  a  common  denominator 


o 


f ,  i  and  f . 

3.  I,  I,  and  \. 

4.  ^,  I,  and  \. 
o-  i  |»  and  3%. 

6.  2f,  3^,  and  8f 

7.  H,  II,  and  \\ 

8.  i  f ,  f ,  i,  and  f 
5*.  2^,  6|,  3H.  and 


144 
T¥Tr, 


160 


-4  718. 
^718. 
^718. 
-d7l8.  |-f|,  -^T?^, 


21  6 

4«. 


1  60 
604 


84 
8889 


Ans.  YT51F» 


52 


^"«-  im.  fm.  Hii.  if  e,  mm- 

f  of  3/^. 

^n.s.  2Hf-f.  mn>  ^mi  mn^ 
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LEAST  €OMiMON  DENOMINATOR. 

281.  The  Least  Common  Denominator  of  several  frac- 
tions is  the  smallest  denominator  to  which  all  can  be  reduced. 

Principle. —  The  least  common  denominator  of  several 
fractions  is  the  least  common  multiple  of  their  denomina- 
tors, 

1.  Reduce  ^,  |^,  and  f  to  their  least  common  deDominator. 

Solution. — ^We  find  the  least  common  multi-  operation. 
pie  of  the  denominator  to  be  72,  hence  72  is  the  j^^  q  j^£^  __  72 

least    common  denominator.     Dividing  12  hy  5x12 

6,  the  denominator  of  J,  we  find  we  must  multi-  |  =  r — —  =  f  J 
ply  6  by  12  to  produce  72;  hence  multiplying  oXl-^ 

both  terms  of  {  by  12,  we  have  J  =  J  J  (Prm.  5).  7x9  __ 

Dividing  72  bv  8,. the  denominator  of  |,  we  find  «        8x9 
we  must  multiply  8  by  9  to  produce  72  ;  hence 

multiplying  both  terms  of  J  by  9,  we  have  J  =  1  __  °^^  =8* 

ff,  etc  '       9x8      '' 

Rule. — I.  Find  the  least  common  multiple  of  the  denomi- 
natorSf  for  the  least  common  denominator, 

II.  Divide  the  least  common  denominator  by  the  denomi- 
nator of  each  fraction,  and  multiply  both  terms  by  the  quo- 
tient. 

NoTBS. — 1.  Reduce  compound  fractions  to  simple  ones,  mixed  numbers 
to  improper  fractions,  and  all  to  their  lowest  terms,  before  finding  the  least 
common  denominator. 

2.  When  several  fractions  are  reduced  to  a  least  common  denominator, 
tbeir  numerators  and  the  common  denominator  will  be  relatively  prime. 

Reduce  to  their  least  common  denominators 
2.  I  I,  and  if.  Ans.  |i|,  ||^,  f^J 

8.  ff,  i|,  and  U,  Ans.  \m,  \m,  \m. 

4.  H.  H.  and  1^.  Ans,  H  ^  f|. 

6.  H,  11  and  13f  Ans,  ff^  %^,^  ^Vo^-. 

6.  tt>  a^  and  H-  ^ns,  ^2^,  ^^0^,  -j  f H- 

7.  if,  H,  and  If.  Ans.  j\y^,  ^^%,  ^%%%, 

8.  U.  f  of  2f,  and  ||  of  12|.   Ans,  H|^,  ^M,  ^uW- 

9.  8of|,  f  of4i,  and^ofS,^. 

Ana     1  7gO     2  7_0_2_7     16415 

10.  f  of  2^,  f  of  4^,  and  ^  of  3|. 

^ns.  i^,  -Vj^,  1^. 
n-  HI.  Hi,  iVA.  and  ,^. 

yIn.S.  ^^(T^ij,  TW^^  "^^t"^-*  ^"^Wi 
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12.  AVr.  tWt.  ^Wr.  and  ^VW- 

^ns.  ^%VV.  iftWr.  AWf.  /AWf. 
1«.  i  1.  i  i.  i  f  I.  f.  A.  «.  «• 

^fl8.  Jf  7 Jji  ^77 JJi  37720'  277To»  ^^ 
COMMON  NUMERATOR. 

2S2.  Fractions  have  a  Common  Numerator  when  they 
have  the  same  number  for  a  numerator. 

Principle .-^-4  common  numerator  of  several  fractions 
is  a  common  multiple  of  their  numerators. 

1.  Reduce  f ,  ^,  and  ^  to  a  common  numerator. 

Solution.— Smce  the  product  of  the  numerators         opekation. 

is  a  common  multiple  of  the  numerators,  3x4x5,  i  4   s 

which  equals  60,  will  be  the  common  numerator.  '*    1?  ^^ 

Then  multiplying  both  terms  of  |  by  4  and  5,  we        ioV»  TirVt  Tn- 
have  Isst^^A  (Prin.  5).     Multiplying  both  terms 
of  f  by  3  and  5,  we  have  f  =^f^,  etc.    Hence  the  following 

Rule. — Multiply  both  terms  of  each  fraction  by  the  numer 
ators  of  the  other  fractions. 
Reduce  to  a  common  numerator 

2.  I,  I  and  f  Ans,  \^,  |^|,  |^. 
8.  f ,  f  and  f  Ans,  ^,  -H|,  iff. 
*.  h  h  and  y^.                               Ans.  |f|,  |^,  /^o^. 

6.  H,  H,  and  ii.  ^718.  iHi,  im.  im. 

6.  H.  «.  and  H.  Ans.  ffM.  Hi**  IHf 

LEAST  COMMON  NUMERATOR. 

333.  The  Least  Common  Numerator  of  several  frac- 
tions is  the  smallest  numerator  to  which  all  can  be  reduced 

Principle. —  The  least  common  numerator  of  several  frac 
tions  is  the  least  common  multiple  of  their  numerators. 

1.  Reduce  f,  |,  and  ^  to  their  least  common  numerator. 

Solution. — The  least  common  multiple  of  the  operation. 

numerators  we  find  is  12,  hence  12  is  the  least  l^  q^  j^^  ^.  22, 
common  numerator.     Dividing  12  by  8,  we  find 

we  must  multiply  the  numerator  of  f  by  4  to  pro-  a  _ _  3X4__ 

diice  12,  hence  multiplying  both  terms  of  J  by  4,  *       4x4 
we  have  {^-J-l.    Dividing  12  bv  4,  we  find  we  4x3 

must  multiply  the  numerator  of  |  by  3  to  produce  |  =  -r — «  =  ii 
12,  hence  multiplying  both  terms  of  J  by  3  we  ^^** 

have  i  =i|,  etc.    Hence  the  following  6x2_ 
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Rule. — I.  Find  the  least  common  multiple  of  the  numerO' 
tors  for  the  least  common  numerator, 

II.  Divide  the  least  common  numerator  by  the  numerator 
of  eaoh  fraction^  and  multiply  both  terms  by  the  quotient. 

Reduce  the  following  to  their  least  common  numerator : 
2.  f  f ,  and  f  Ans.  H,  ^,  ff 

8.  t,  f  and  I  Ans.  |^,  f|,  ||. 

4.  f  I,  and  if.  Ans.  ^f ,  H»  H 

6-  A,  -B,  and  if.  Jns.  iff,  |f|,  Hf • 

C  li,  if,  and  ff.  ^n«.  ||f ,  ||f ,  |^f . 

ADDITION  OF  FRACTIONS. 

284.  Addition  of  Fractions  is  the  process  of  finding 
the  sum  of  two  or  more  fractions. 

fhhtcifi^s 

1.  To  add  two  or  more  fractions ^  they  must  express  simt' 
lar  fractional  units. 

2.  To  add  two  or  more  fractions,  they  must  be  reduced  tc 
a  common  denominator 

]•  What  is  the  sum  of  |,  ^,  and  f  ? 

.   Solution. — Reducing  the  fractions  to  a  operation. 

common  denominator,  that  they  may  ex-  14-14-4  = 

press  similar  fractional  imits,  we  have  f=  ..  ,  .,  ,  -V^  , .,      „., 

|j,  }  =  J5,  andf=fi;  and    60  seventy-  n+M4-ff=W=2fl 
tecondSf  plus  63  seventy-seconds,  plus  64  sev- 
enty-seconds equals  187  seventy-seconds,  which  reduced  equals  2f }.  Hence 
the  following 

Rule. — Reduce  the  fractions  to  a  common  denominator, 
then  add  the  numerators  and  write  the  sum  over  the  common 

denominator. 

Notes. — 1.  Reduce  compound  fractions  to  simple  ones,  and  reduce  cacb 
fraction  and  the  sum  to  lowest  terms. 

2.  To  add  mixed  numbers,  add  the  integers  and  fractions  separatel/i 
and  then  unite  their  sums. 

Find  the  sum  of 

2.  i,  I,  and  |.  Ans.  fj. 

5-  i  l»  ii»  and  ^.  Ans.  Iff. 

*•  h  h  tV  and  f  Ans.  2ffJ 

S-  M»  A»  -h^  h  and  ^2^.  Ans.  2^ 

6.  i  of  I,  I  of  il  ^  of  \i,  and  ^.  Au%.^^^ 
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7.  *i  64,  8i,  and  9^^-  ^ns.  28^ 

8.  214,  334,  623V,  and  75^^^  Ans,  191^ 
».  5i  6f,  7t,  8f,  and  9f  Ans.  38^* 

10.  i  t,  H»  il»  «»  M»  and  iH-  ^n«.  5|H 


11.  f  i  of  I  ^  of  I,  i  of  If,  and  H  of  |f      Ans.  SyHi 
ia>  i  i  i  f  i  f  4, 1,  A,  ii,  and  ii.  Ans.  S^^ 


SUBTRACTION     OF     FRACTIONS. 
235.  Subtraction  of  Fractions  is  the  process  of  find* 

ing  the  difference  between  two  fractions. 


1.  To  subtract  one  fraction  from  another  they  must 
express  similar  fractional  units. 

2.  To  subtract  one  fraction  from  another  they  must  be 
reduced  to  a  common  denominator. 

1.  What  is  the  difference  between  ^  and  f  ? 

Solution. — Reducing  the  fractions  to  a  common  operation. 

denominator  that  they  may  express  similar  frac-  « 6.— 

tional  units,  we  have  f  =  H  ^°d  |r=  ^f ;  64  seventy^        6  4 44  =  li 

secmida  minus  45  8eventy'8ec(md8  equals  19  seventy-  ^ 
seconds.    Hence  the  following 

Rule. — Reduce  the  fractions  to  a  common  denominator ^ 

take  the  difference  of  the  numerators  and  write  it  over  the 

common  denominator. 

NoTB. — Reduce  compound  fractions  to  simple  ones,  and  reduce  eacb 
fr&ction  and  the  difference  to  lowest  terms. 

Find  the  value  of 
2.  f-|.  Ans.  i^. 


8-  li-xV       ^^«-  -h- 
4.  ^— ^.       Ans.^. 

6.  H-l^.     Ans.  ^. 


\ 


'•  A""  10^01-  ^^^-  "io?r 

8.  I  of  |— I  of  |.  Ans.  ^. 

10.  If-^  of  f^  of  ||.     An8.m. 

11-  (f +l)-(l+4)-      ^^«-  IH- 

12.  M-tW  of  n  of  H.  ^^«.  H- 

IB.  (f+f+il)-(i+4+T^)-  ^ns.  3. 

14.  Find  the  difference  between  15f  and  12f. 

Solution. — We  cannot  take  f  from  f ,  so  we  take  1  from  15,  which 
equals  f,  and  this  added  to  4=Y;  V^l— f ;  14— 12s=2;  iience 
15^124  =  2f  or  2i. 
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15.  14^— llf  An8,2i.   17.  35Jr-.26fJ.       Jns.  8f. 

16.  15f— 12f         u4n8.2f   18.  42f— 33f       Ans.^j^. 

19.  t5^— 46f  Ans,  28f|. 

20.  (3i+5i)-(2i+3i).  Jn«.  2tf|. 

21.  (16^+12^)— f5|+6H)-  ^»*s.  16|^. 

22.  (56i+83i)--(37i+44).  Ans.  62Jf. 

FHACnCAZi    FROBT.KMS 

IN   ADDITION  AND  SUBTRACTION. 

1.  A  merchant  sold  a  customer  22^  yd.  of  silk,  3^  yd.  ol 
paper  muslin,  1|  yd.  of  silesia,  5f  yd.  of  cambric,  and  6 J  yd. 
of  ruffling;  how  many  yards  were  sold?  Ans.  37f|. 

2.  A  lady  in  shopping  makes  a  bill  of  $37f  for  silk,  $12^ 
for  merino,  $2|  for  calico  and  $lf  for  braid,  sewing-silk, 
etc.;  she  gave  the  merchant  a  100  dollar  bill  in  payment; 
what  change  should  she  receive?  Ans.  $46^. 

3.  A  person  engages  4  tons  of  coal  (2000  lb.) ;  but  when 
delivered,  he  finds  the  first  ton  falls  short  22^  lb.,  the  second 
23|  lb.,  the  third  19^  lb.,  and  the  fourth  26f  lb.;  how 
much  coal  should  he  pay  for?  Ans.  T90T^  lb. 

4.  From  a  barrel  of  vinegar  containing  56:J^  gallons,  there 
were  drawn  at  one  time  21^  gallons;  at  another  time  13| 
gallons,  of  which  S^  gallons  were  returned  to  the  barrel ;  at 
a  third  time  15f  gallons  were  drawn;  and  at  a  fourth  time 
19^^^  gallons  .vere  poured  in;  how  many  gallons  were  in 
the  barrel  finally  ?  Ans.  2S^^  gallons.  • 

SFBCIAXj  SOZilTTIOlTS 

IN  ADDITION  AND  SUBTRACTION  OF  FRACTIONS. 

CASE     I. 

S36*  To  add  or  subtract  two  fractions  whose  nur 
tnerators  are  a  unit, 

1 .  Find  the  sum  and  the  difiference  of  ^  and  ^. 

Solution. — Reducing  to  a  common  denomina-  operation. 

tor  and  adding,  we  see  that  we  have  the  sum  of  i4-i=ss-fi_-|-JL-3 

the  denominators  divided  by  their  product.  54-3 

If  we  subtract,  we  shall  have  the  difierence  of  =  ^  Ans. 

the   denominators   divided    by   their    product.  ^^ 

Hence  we  have  the  following  5~^ ^  . 
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Rule. —  Take  the  sum  or  difference  of  the  two  denominc^ 
tors  and  write  it  over  the  product  of  the  denominators. 
What  is  the  value  of 


2.  i+f 
8.  i+i- 

6-  A+5^ 


Ans.  -J-J^. 

Ans.  4^. 

Ans, 


m- 


Ana.  ^. 


7.  l-f 


8. 
9. 


T^ 
^ 


TT- 


Ans.  ^. 
Ans.  ^. 
Ans  ^, 
Ans,  ^. 


CASE  U. 
337.   To  add  or  subtract  two  fraetiotis  luiving 
eorntnon  numerator. 

1.  Find  the  sum  and  difference  of  f  and  f . 


OPERATION. 

J.,  _  3(5+1) 
*+*~  5X4 
=  H.  Am, 


Solution. — Reducing  to  a  common  denomi- 
nator, and  adding,  we  see  we  have  3  times  the 
sum  of  the  denominators  divided  by  their  pro- 
duct. 

If  we  subtract  we  shall  have  three  times  the 
difference  of  the  denominators  divided  bj  their 
product.    Hence  the 

Rule. —  Take  the  sum  or  difference  of  the  denominators, 
multiply  it  by  the  common  numerator^  and  write  the  prO" 
duct  over  the  product  of  the  denominators. 

What  is  the  value  of 


2-  f+f 
8-  i+*- 


6.  -H+H- 


Ans.  \^, 

Ans.  If. 

Ans,  ^, 

Ans.  ^, 


Ans.  ^, 

Ans.  ^. 

Ans,  y%. 

Ans,  ^. 


•  CASE    111. 

33S«  To  add  or  subtrcict  two  fractious  by  reducing 
to  a  common  num>erator. 

Rule. — Reduce  to  a  common  numerator  and  proceed  as 
in  Case  II. 


What  is  the  value  of 


1. 


8-  Hf 


2. 


4. 
5. 


i^+H. 


Ans.  1^. 
Ans.  \y^. 
Ans.  1||. 
Ans.  \^. 
Ans.  1^. 


«•  f-f 
9.  l-f 

10-  M-H- 


Ans.  ^. 
Ans,  ^. 
Ans.  ^. 
Ans.  ^. 
Ans,  il^. 


lo 


Note. — It  will  be  noticed  that  this  is  sometimes  less  work  than  reducing 
a  common  denominator. 
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MULTIPLICATION   OF   FRACTIONS 

339.  Multiplication  of  Fractions  is  the  process  of 
findiDg  a  product  when  one  or  both  factors  are  fractions. 

240.  There  are  Three  Cases:  1st.  A  fraction  by  an 
integer;  2d.  An  integer  by  a  fraction;  3d.  A  fraction  by  a 
fraction. 

CASE    I. 
^ItXm  To  multiply  a  fraction  by  an  integer. 

1.  Multiplyll  by  6. 

Solution. — Six  times  13  eighteenths  equals  78  eighteenths  (|{), 
which  equals  ^,  or  4|;  or  6  times  iS^=-^;  or  |,  and  if  6  times  -^ 
equals  i,  6  times  }}  equals  13  times  },  which  is  ^,  or  4^.    Therefore,  etc 

Solution  2d. — Multiplying  the  numerator  operation. 

(Prin.  1),  we  have  6  times  |J  equals  -f};  or,  i4x6  =  ^4  =  V 

dividing  the  denominator  (Prin.  4),  we  have  6  IIv6=jU  =  5 

ame8lf  =  V,or4i.  ""^         ^      ^ 

Rule. —  To  multiply  a  fraction  by  an  integer ,  multiply 
the  numeroior,  or  divide  ike  denominator. 

Multiply 


2-  H  by  8.  Arts,  2f . 

8.  fj  by  12.  Ans.  llf 

4.  fl  by  16.  Ans.  13ff. 

6.  \\  by  36  Ans,  34|. 

6*  Hi  by  64.  Ans,  3 If 


7.  18^^  by  15.  i4n8.  282| 

8.  37|iby  18.  Ans.  681{-. 

9.  46f}  by  27.  Ans.  1264|. 

10.  fHi  by  96.  Ans,  86ff . 

11.  tliiby576.  ^718.460^. 


CASE  n. 
34I9.  To  multiply  an  integer  by  a  fraction. 

1.  Multiply  17  by  |;  also  by  8f. 

Solution. — 17  multiplied  by  f  equals  \  of  opp:ration. 

5  times  17;  5  times  17  are  85,  and  J  of  85  is        17  ^  4— sA5.=-s141 
V,  or  14 J.    Thereforf*  etc.  ^^      ^       ^ 

OPERATION. 

Solution. — Multiplying  17  by  5  and  dividing  by  yj 

6,  we  have  14i;    and  then  multiplying  17  by  8  we  o* 

have  136;  adding  136  to  14i  we  have  150^.    There-  _-^ 

fore,  etc.  ^2?? 

141 

NoTB—- This  method  of  multipl3ring  by  a  m\xe^  tyxtkl- 
oer  js  more  convenient  than  the  one  usually  preaeaXjefli.  \53»\ 

7 
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Rule. — Multiply  the  integer  by  the  numerator  of  the  mul 
tiplier,  and  divide  the  product  by  the  denominator;  or  divide 
first  and  then  multiply. 

Multiply 

2.  28  by  f 
«.  82byf 

4.  81  by  |. 

5.  96  by  3f 
e.  99  by  7f 

7.  256  by  8f 

8.  144by6f. 


Ans,  20. 

Ans.  28. 

Ans,  72. 

Ans.  368. 

Ans,  77tf. 

Ans.  2272. 

Ans.  950|. 


9.  273  by  |f 

10.  288  by  |f . 

11.  852  by  ||. 

12.  768  by  9|| 
18.  720  by  ^\. 


Ans.  240. 

Ans.  276^. 

Ans.  828^. 

Jn8.  7664. 

Ans.  6470. 


14.  960  by  27||.  Jn8.  268683^. 
16.  819  by  36|f.       ^ns.  30294. 


CASE   m. 
I343*   ^o  fHuitiply  a  frciction  by  a  fraction, 

1.  What  is  the  product  of  |  by  f  ? 

Solution. — J  multiplied  by  one  equals  J,  hence  J 
multiplied  by  J  equals  J  of  J,  which  is  ^,  and  J  mul- 
tipliea  by  {  equals  5  times  ^,  which  are  f  |.  There- 
fore, etc 

Rule. — Multiply  the  numerators  together  and  the  denomV' 
nators  together,  cancelling  common  factors. 

Note. — ^Practically  this  case  is  the  same  as  finding  a  fractional  part  of  a 
fraction,  but  theoretically  the  two  cases  are  entirely  distinct. 


OPERATION. 

JxJ=H 


Find  the  product  of 


2.  M  by  h 
B-  U  by  H . 
^•HibyH. 

6.  9|  by  5i. 


A- 


Ans. 

Ans.    K  k: 

Ans.  ^. 
Ans.  52. 
Ans.  95|. 


6.  13iby7f 

12.  I  of  li  by  ^  of  ff . 

18.  -A-off|by|f  of^. 

14.  H  of  tV  of  6tV  by  li  of  if  of  19^- 

16.  Aoftiof8|by|f  offf  of4lTijV. 
18.  fl  of  81tV  by  H  of  M  of  67^. 

17.  i^x5irX^X-^x2{ixl3i. 

>8-  i^X^otS^x^ofS^x^oflS^. 


7.  101^  by  16J.    ^ns.  1662^. 

8.  315^  by  19f  Ans.  6165||. 

9.  95f  by  17f  Jns.  1675. 
10.  36ff  by  27ff.  Ans.  1035i|f. 
"•  I  of  f  by  ^  of  If.    Ans.\i. 

Ans.  fj, 
Ans. 
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Ans.  47|^. 

^ris.  68f|4 

^ris.  4300^«AV 

^ns.  32. 

-^?2s.  60. 
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IN     MULTIPLICATION     OF    FBACTIONS. 

Required  the  cost  of 

1.  9^  yards  of  cloth  at  $4^  a  yard.  Arts.  $39^. 

2*  8f  quarts  of  nuts  at  8|  cts.  a  quart.       Ans,  $0.75^. 

3.  25^  yards  of  muslin  at  25^  cts.  a  yard.  An%,  $6.43|. 

4.  16f  pounds  of  sugar  at  7  ^  cts.  a  pound.    Arts,  |1.20|. 
6«  28^  barrels  of  sugar  at  IHf  a  bar.  Arts,  |501f. 

6.  46^  cords  of  wood  at  $5|  a  cord.  Ahb,  $248^. 

7.  38f  tons  of  hay  at  $14f  a  ton.  Ana.  |565f . 

8.  53^  tons  of  coal  at  $8|  a  ton.  Am,  $468^. 

9.  5|  dozens  of  eggs  at  \^\  cts.  a  dozen.  Arts,  $0.71|. 

10.  96f  lb.  of  cotton  at  16^  cts.  a  pound.     Ans,  S15.95. 

11.  85f  lb.  of  meat  at  18|  cts.  a  pound.     Ans.  |16.08|. 

12.  19f  barrels  of  sugar  at  |21|  a  barrel.  Ans,  $430^. 
18.  What  is  the  value  of  ^2^^^  x  ^  X  fff  X  | Jff  ?  Ans.  ^. 
14.  Of  fHx^ixfff  X/^?  Ans.  ^^^. 

16.  OfffHxHfiX^^Xf^^xW?  Ans.  IS. 

17.  Ofa)2x(i)«x(|)*?  Ans.^ 

18.  Of  (A)2  X  (^r  X  H  ?  Ans.  ifi^. 

19.  Of  (A)^X(U)^  X  (A)*  X(^yx  (5iy?  Ans.  ^^. 

20.  Of  (i+^)x«x(ff-A)?  Ans.  m- 

21.  Of  m+H) X (ii-m xmxH ?       Ans.  a. 

22.  Of  101|-(223^-19|)  +  16ixi^?  Ans.  109ji. 

23.  (16^+27|)-(56|-49|)+95fx7i?    Ans.  11^^. 

24.  When  St.  Louis  flour  is  worth  $6|  a  barrel,  how  much 
will  26|  barrels  cost?  Ans.  $170f. 

25.  Bought  10  dozen  0.  H.  Swedes  carpet  tacks,  amount* 
ing  to  $20.40,  with  a  deduction  first  of  ^  and  after  of  ^; 
what  was  the  bill  ?  Ans.  $15.60f. 

26.  A  bill  of  books  amounts  to  $596|,  but  I  get  J  off  for 
wholesale  and  -^  for  cash;  what  do  I  pay?  Ans.  $373|fJ. 

27.  A  farmer  bought  some  sheep  for  $75^,  and  then  sold 
7  of  them  at  $7^  apiece,  and  traded  the  rest  for  half  a  barrel 
of  sugar  at  $20  a  barrel,  and  a  barrel  oi  Tci«^<iV«t^  ^\»  \V^  ^ 
barreJ;  what  was  his  gain?  Axv^.^'^V 
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NORMAL      HIQUER     ARimMETJC. 


OPERATIOK. 

H-i-«=A 

OPERATION. 


DIVISION  OP  FRACTIONS. 

244.  Division  of  Fractions  is  the  process  of  dividing 

when  one  or  botti  terms  are  fractional. 

245.  There  are  Three  Gases : 

Ist.  A  fraction  by  an  integer  ;  2d.  An  integer  by  a  fraction ; 
3d.  A  fraction  by  a  fraction. 

CASE   L 
1346«  To  divide  a  fraction  by  an  integer. 

1.  Divide  ||  by  6,  also  by  7. 

SoLunoH. — f}  divided  bv  one  equals  ij,  hence 
14  divided  by  6  equals  ^  of  {j,  which  is  i^;  1| 
oividedby  7  equals  |  of  Jf,  or  Jf. 

Solution  2d. — ^Dividing  the  numerator  by  6,  we 
have  f  I  -7-  6  equals  ^  (Prin.  2);  multiplying  the 
deuommator  by  7,  we  have  l}-S-7  equals  fj( 
(Prin.  3). 

2.  Divide  62Yf  by  6. 

Solution. — Dividing  627  by  6  we  have  104  and 
a  remainder  of  3 ;  3  equals  ^y  which,  added  to  f , 
equals  ^ ;  ^  divided  by  6  equals  { ;  hence  the 
quotient  is  104{. 

Rule. — Divide  the  numerator  or  multiply  the  denominator 
of  the  dividend  by  the  divisor. 

Note. — Reduce  a  mixed  number  to  a  fraction,  or  divide  the  integer,  unite 
the  remainder  with  the  fraction  and  divide  the  result. 

Divide 
2.  If  by  5. 

8.  M  by  t. 

4.  ff  by  8. 

5.  II  by  28. 

6.  325f  by  6.  Ana.  54^. 

7.  152|  by  S.  Ans,  19^^, 


OPERATION. 

6)627} 
1041 


Ana,  -^. 

Ans,  ^. 

Ans^  ^V 

Ans,  -y^. 


8.  263J  by  12. 

9.  492}-!  by  15. 

10.  709|f  by  16. 

11.  1220^byl05.  Ans,  lly^. 

12.  1467^1  by  40.  Ans.  36|f|?. 
18.  3146JI  by  60.  Ans,  b2^^. 


Ans,  32ff. 
Ans,  44|f 


CASE  II. 
S47.  To  divide  an  integer  by  a  fraction. 


1.  Divide  12  by  the  fraction  f. 

Solution. — 12  divided  by  one  equals  12,  hence 
12  divided  by  |  equals  7  times  12,  and  12  divided  by 
I  equals  ^  of  7  times  12,  which  is  j  times  12,  which 
equals.  14.    Hence  the  following 


OPERATION. 

12-5-*  = 

12 


x|  =  14 
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Bole  I. — Multiply  the  dividend  by  the  denominator  of  the 
fraction^  and  divide  the  product  by  the  numerator. 

Rule  II. — Invert  the  divisor  and  proceed  as  in  mullipli' 
cation  of  fractions. 

Divide 

2.  12byf. 

8.  2Iby|. 

4.  36by|. 

6.  46bj3f 

6.  159b7  5|. 


AnB,  16. 
Ans.  24. 

^718.  40^. 

Ans,  14. 
Ans,  27. 


7.  228byY|. 

8.  801  by  9|. 

9.  1269byl3||. 

10.  3070by23f|. 

11.  Y029by46^. 

CASS  m. 


Ans.  30 

Ans.  81 

^n8.  91^5^ 

Ans.  128^^. 

Ans.  150^  I  f^. 


2^Hm  To  divide  a  fraction  by  a  fractian. 

1.  Divide  |  by  ^. 

Solution. — )  divided  by  (me  equals  f ,  hence  } 
divided  by  ^  equals  6  times  },  and  }  divided  bv  | 
equals  J  of  6  times  {,  which  is  f  times  {,  which 
equals  ff* 


OPERATION. 


OPERATION. 

48.^45  =  H=H 


Solution  2d. — }  equals  f},  *  eouals  |J,  and 
1}  divided  by  ||  equals  48  dividfed  by  45,  which 
equals  ft  or  Jf . 

Rule  I. — Multiply  the  dividend  by  the  denominator  of 
the  divisor^  and  divide  by  the  numerator. 

Rule  II. — Invert  the  divisor  and  proceed  as  in  muUipli" 
cation  of  fractions. 

Notes. — 1.  Reduce  mixed  numbers  to  simple  fractions.  When  the 
dlTlsor  is  a  compound  fraction,  invert  each  term  and  multiply,  cancelling 
when  possible. 

2.  **  Why  do  we  invert  the  divisor  ?"  The  analysis  requires  it,  or  dictates  it. 
as  is  shown  in  first  solution.    This  reply  is  better  than  '*  for  convenience.'' 

Divide 


2.  ff  by  ■^.  Ans.  6. 

*•  H  ^7  M'  -^^*-  ^tV- 
6-  fi  by  1^.  Ans.  1^. 
6.  61  by  3f    Ans.  1^. 

12.  Aof^by^of^. 

18-  -Hof  if  by^of  3^. 

14.  i  of  t  of  ^  by  f  of  ff  of  ^. 

U.  i  off  of  ihji  of  ^oi}^o{  \^. 


7.  TA  by  14A. 

8.  25^  by  11^. 

9.  54Jbyl3f|. 

10.  258|by633^. 

11.  3^ofi|by|off 


Ans.  2^^ 
Ans.  3|^. 

Ans.  Iff. 
Ans.  5j*^. 
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IN   DIVISION  OP  FRACTIONS. 

1.  If  7|  yards  of  cloth  cost  $47^,  what  is  the  price  per 
yard?  Ans,  $Q{. 

2.  If  18|  tons  of  hay  cost  $285 1,  what  is  the  price  per 
ton?  Ans,  $15 J. 

8.  If  23^  bags  of  coffee  cost  $410,  what  is  the  price  per 
bag?  Jw«.  $17J. 

4.  If  n^  barrels  of  sugar  cost  $238^,  what  is  the  price 
per  barrel  ?  Ans,  $13f. 

6.  If  37^  tons  of  coal  cost  $253 1,  what  is  the  price  per 
ton?  Ans.  $6|. 

6.  If  96f|  acres  of  land  cost  $676 Iff,  what  is  the  price 
per  acre  ?  -4ns.  $69|. 

7*  If  86|  cords  of  wood  cost  $680f f,  what  is  the  price 
per  cord  ?  Ans,  $7f . 

8.  What  is  the  value  of  |f  x  f|  X  M"^ A  ^  ^^«-  h 

10.  Of  v^x^m^CpxiMI)?        ^ns.  i^vyv. 

11.  Of(^+2^)^^^3ixSi+52^,    Ans.b2,\o^^^%. 

12.  Of(2ix2i+iof^)x(iyMn-H^mJ 

^ns.  mm- 

18.  Find  the  value  of  54^  —  l7,3^x(6yV+3||— 2^) -4- 

2t6^-8iV-  ^^«-  iTfiir- 

14.  If  f  of  3^  gallons  of  kerosene  cost  ^  of  9f ,  what  will 

1  gallon  cost  ?  Ans,  $^. 

15.  The  product  of  two  numbers  is  156,  and  one  of  them 
is  13|f ;  what  is  the  other?  Ans.  Hyt- 

16.  What  number  is  that  which  being  multiplied  by  ^  of 
fl  of  ^,  will  produce  17^^  ?  Ans.  2j||f 

17.  If  4  men  plow  20§  acres  in  5  days,  how  much  at  the 
same  rate  would  6  men  plow  in  7^  days  ?  Ans.  44^. 

18.  Mr.  Shaw  bought  87  J  bushels  of  corn  for  $109f,  and 
sold  I  of  the  quantity  to  Mr.  Landis  at  a  profit  of  $|  per 
bushel ;  what  did  he  receive  for  the  part  sold  ?  Ans.  $116|. 
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REDUCTION  OP  COMPLEX  FRACTIONS. 

1349*  The  Reduction  of  Complex  Fractions  is  the  pro 
cess  of  changing  them  to  simple  fractions. 

Note. — A  complex  fraction  is  not  really  a  fractloni  according  to  the 
definition  of  a  fraction.  It  is  rather  a  complex  fractional  expn^sion  ol 
one  fraction  divided  by  another. 

1*  Reduce  |  to  a  simple  fraction. 
I 

Solution  1st. — This  fraction  means  that 
I  is  to  be  divided  by  I,  and  inverting  the 
oivisor  and  multiplying,  we  have  i  X  i, 
which  equals  -^jf. 

Solution  2d. — Multiplying  both  terms  of 
the  complex  fraction  by  45,  the  least  common 
multiple  of  the  denominators  of  the  terms, 
and  reducing  the  resulting  fraction  to  its 
lowest  terms,  we  have  y\. 

Rule  I. — Multiply  the  numerator  of  the  complex  fraction 
by  its  denominator  inverted. 

Rule  II. — Multiply  both  terms  of  the  complex  fraction 
by  the  least  common  multiple  of  the  denominators. 

Redace  to  simple  fractions 


OPERATION. 

|=H-»=txf=A. 

OPERATION. 

i     }X45      **      '*• 


2 

2    I 
"a 

4    ^ 


6. 


7. 


16| 
99 


Ans.  lif. 
Ans,  ^^, 

Ans.  ^^. 

^ris.  ^. 

Ans.  ^. 

Ans,  IJ. 


8. 


9. 


8 


TT 


+1" 


IT 


5A_if 
12.  l^x  ''i 


11. 


13. 


14.  If  12  be  the  numerator  and 


9^     7f  • 
49A  ■  STt^t 


Ans.  If. 

Ans.  -f^. 
Ans.  3^^. 
Ans.  IfJ. 
Ans.  3f|^. 
^ns.m. 


2A 


complex  fraction,  what  is  its  value? 


the  denominator  of  a 
Ans.  25U< 


104  NORMAL     HiaHER     ARITHMETIC. 

RELATION  OP  NUMBERS. 

250«  The  Relation  of  Numbers  is  their  relative  value 
as  compared  with  one  another. 

Note. — This  subject  is  equivalent  to  Ratio,  but  is  presented  here  as 
affording  an  exceUent  illustration  of  the  analysis  of  ninnbers.  The  treat- 
ment of  the  subject  under  Ratio  is  demofhstnUive  rather  than  an€^ytie, 

CASE   I. 
251«  To  find  the  relation  of  an  integer  to  an  integer. 

1.  What  is  the  relation  of  29  to  7  ? 

SoLunoK. — One  is  ^  of  7,  and  iflisfof7,  29is29  times  \  of  7, 
which  are  ^,  or  4^  times  7.  Therefore,  29  is  4^  times  7.  Hence  we 
have  the  following 

Rule. — Divide  the  number  which  you  compare,  by  ihe 

number  with  which  it  is  compared. 

Note. — The  rule  is  the  same  for  each  case,  and  need  not  be  repeated. 

What  is  the  relation  of 


2.  84  to  7?  Ana.  12. 

8.  138  to  23  ?  Ans.  6. 


4.  288  to  729?         ^n«.  || 

5.  216  to  6561?     An8.-^ 


0.  At  the  rate  of  15  apples  for  12  cents,  what  will  45 
apples  cost? 

Solution. — If  15  apples  cost  12  cents,  45  apples,  which  are  fj,  or  3 
times  15  apples,  will  cost  3  times  12  cents,  or  36  cents. 

7.  If  12  oranges  cost  15  cents,  what  will  84  oranges  cost? 

Ans,  $1.05. 

8.  If  18  pounds  of  tea  cost  $16.20,  what  will  108  pounds 
cost  ?  Ans.  $97.20. 

9.  A  man,  having  a  farm  containing  80  acres,  sold  56 
acres;  what  part  of  his  farm  remained  ?  Ans.  ^. 

10.  A  pole  whose  height  was  80  feet,  was  broken  off  by 
the  wind  48  feet  from  the  top ;  what  part  of  the  pole  was 
left  standing  ?  Ans.  f. 

11.  A  has  18  cows,  B  24  cows,  and  C  28  cows;  if  each 
obtains  ^  of  the  others,  what  part  of  A's  will  equal  B*s  and 
C's  respectively  ?  Ans.  B's,  f| ;  C's,  ||. 

CASE  n. 
SSI3*  To  find  the  relatiofi  of  a  fraction  to  a  number* 

1.  The  fraction  ^  is  what  part  of  9  ? 


RELATION    OF    NUMBERS. 


lOo 


Solution. — One  is  (  of  9,  and  if  1  is  (  of  9,  ^  is  |  of  (,  wiiich  is  7^, 
of  9,  and  jf  is  7  times  y^,  or  ^  of  9. 


What  is  the  relation  of 
2.  T^  to  24  ?  Ans.  ^. 

8.  ^  to  95  ?         Ans.  y^. 
4.  If  to  112?       Ans,j{^. 


5.  f|tol2? 

6.  -^toU? 

7.  I^f  to  35  ? 


Ans.  T^. 
Ans,  tIt- 


8.  If  I  give  away  f  of  $15,  what  part  is  that  of  mj 
brother's  money,  if  he  has  $35  ?  .^718.  ^. 

CASE  III. 
253*  To  find  the  relation  of  a  number  to  a  fraction. 

1.  What  is  the  relation  of  7  to  f  ? 

Solution. — J  is  i  of  |,  and  if  J  is  J  of  f,  |  or  1  is  6  times  J  or  f  of  f , 
and  7  is  7  times  f ,  or  -^,  which  equals  8J.    Therefore,  etc. 

What  is  the  relation  of 

2.  96  to  If?  Ans,  102. 


8.  216  toff? 

4.  529  to  2^? 

5.  T29  to|^? 


Ans,  222. 

Ans,  230. 

Ans,  1080. 


6. 175  to  3^?  Ans,  56. 

7,961  to  6^?  Ans,  155. 

8. 1872  to  n\l  Ans.  260. 

9. 1020to^ofl2f  ?^ns.223f 


10*  A  has  56  bushels  of  wheat,  aad  B  f  as  many,  +i 
bashels;  how  many  times  B's  number  equals  A's? 

Ans,  1^. 
CASE  IV. 
2S4«  To  find  the  relation  of  a  fraction  to  a  fractionm 

1.  Whatpartof  If  is|? 

Solution. — ^  is  ^^  of  |f ,  and  |  J,  or  onCf  is  16  times  t^,  which  equals 
f  of  If.    If  1  equals  if  of  if,  |  equals  J  of  if,  and  f  equals  5  times 
of  if,  which  equals  f  of  if,  or  |. 


i 


What  is 

the  relation  of 

2. 

Hto 

n? 

Ans, 

If- 

8. 

Hto 

w 

Ans, 

H- 

4. 

M^o 

w 

Ans, 

if- 

5.  9|ftol23^?        Ans,^. 

6.  17||to35^f?     ^ns.-Jf|f. 

7.  87|f  to  29^  ?  Ans,  2|fli. 
8.  James,  having  y\  of  a  peck  of  walnuts,  sold  -fy  of  what 

he  had ;  what  part  of  ^  of  a  peck  remained  ?  Ans,  ^V 
9*  A  merchant  sold  -J  of  f  of  his  stock  in  a  month  ;  what 

part  of  f  of  his  stock  remained  ?  Ans.  If. 

10.  A  and  B  had  each  if  of  a  ton  of  hay ;  A  sold  B  \q{ 

what  he  had;  what  part  of  B's  equaVa  V«>*1  A-n.*.  V 
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GREATEST  COMMON  DIVISOR. 

255«  The  Greatest  Common  Divisor  of  two  or  more 
fractions  is  the  greatest  fraction  that  will  exactly  divide 
each  of  them. 


1.  A  fraction  is  a  divisor  of  a  given  fraction  when  its 
numerator  is  a  divisor  of  the  given  numerator ,  and  its 
denominator  is  a  multiple  of  the  given  denominator,' 

To  divide  by  a  fraction  we  divide  by  its  numerator  and  multiply  by 
its  denominator ;  hence,  to  obtain  an  integral  quotient,  the  numerator 
of  the  divisor  must  divide  the  given  numerator,  and  the  denominator 
of  the  divisor  must  contain  the  given  denominator.  Illustrate  with  { 
and  ■^, 

2.  A  common  divisor  of  several  fractions  is  a  fraction 
whose  numerator  is  a  common  divisor  of  their  numerators, 
and  whose  denominator  is  a  common  multiple  of  their 
denominators. 

3.  The  greatest  common  divisor  of  several  fractions  is  a 
fraxition  whose  numerator  is  the  greatest  common  divisor 
of  their  numerators y  and  whose  denominator  is  the  least 
common  multiple  of  their  denominators. 

1.  Find  the  greatest  common  divisor  of  J,  ^,  -^j. 

Solution. — To  be  a  divisor  of  each  of  operation. 

these  fractions  the  numerator  must  divide  i.  -  a  -  _?  . 

each  of  the  given  numerators,  and  the  3  =  Gr.  C.  D.of  Num's 

denominator   must  contain  each  of   the        28  =  L.' c!  M.  of  Den's, 

given  denominators;    hence,  the  greatest  .  p*  n  "n* «_     a 

common  divisor  must  be  a  fraction  whose  •*•  ^-^*^  —  2T>    '^'"^ 

numerator  is  the  greatest  common  divisor 

of  the  given  numerators,  and  the  denominator  the  least  common 
multiple  of  the  given  denominators.  The  greatest  common  divisor  of 
the  numerators  is  3,  and  the  least  conmion  multiple  of  the  denominators 
is  28 ;  hence  the  greatest  common  divisor  of  the  given  fractions  is  ^. 

Rule. — Reduce  the  given  fractions  to  simple  ones  in  their 
lowest  terms;  then  find  the  O.  G.  D.  of  the  numerators  and 
divide  it  by  the  L.  G.  M,  of  the  denominators. 

Find  the  greatest  common  divisor  of 


2*  A*  A*  "H*       Ans.  ^^r^. 
4-  '"^f.  H»tW-     ^ws-tI?- 


6-  ■|off,T^ofH,f  of^V  Ans.^. 
^  n\  16|  66| 
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8.  A  farmer  has  51^  bushels  of  russets,  71f  bushels  of 
rambos,  143^  bushels  of  seek-no-farthers,  and  35^  bushels  of 
pearmains  ;  required  the  largest  bins  of  equal  size  which  can 
be  filled,  each  kind  being  kept  by  itself;  also  the  number  of 
bins.  Ans.  5\  bushels ;  59  bins. 

9.  Mr.  Johnson  has  four  fields  in  the  outskirts  of  a  grow- 
ing Western  city,  containing  respectively  6f  acres,  t-j^ acres, 
10^  acres,  8f  acres,  which  he  wishes  to  divide  into  the  larg- 
est possible  house-lots  of  equal  size;  what  will  be  the  size 
and  number  of  the  lots  ?  Ans.  ^  of  an  acre;  332  lots. 

10.  Mr.  Smith  has  a  field  whose  sides  are  335^  feet,  397^ 
feet,  322f  feet,  and  235|^  feet.  He  wishes  to  build  a  fence 
round  it,  5  rails  high,  the  rails  overlapping|of  a  foot;  what 
is  the  longest  rail  that  can  be  used,  and  how  many  rails  will 
be  required  ?  Ans,  IS\  ft;  b20  rails. 

LEAST  COMMON  MULTIPLE. 
356.  The  Least  Common  Multiple  of  two  or  more 

fractions  is  the  least  number  that  will  exactly  contain  each 
of  them. 


1.  A  multiple  of  a  fraction  is  a  fraction  whose  numerator 
is  a  multiple  of  the  given  numerator,  and  whose  denominator 
18  a  divisor  of  the  given  denominator. 

To  divide  by  a  fraction,  we  divide  by  its  numerator  and  multiply  by 
its  denominator;  hence,  to  give  an  integral  quotient,  when  we  divide  a 
multiple  by  a  fraction,  the  numerator  of  the  multiple  must  contain  the 
numerator  of  the  fraction,  and  the  denominator  of  the  multiple  must  di- 
vide the  denominator  of  the  fraction.     Illustrate  with  |,  a  multiple  of  ^. 

2.  A  common  multiple  of  several  fra>ctions  is  a  fraction 
whose  numerator  is  a  common  multiple  of  their  numerators, 
and  whose  denominator  is  a  common  divisor  of  their  denomi- 
nators. 

3.  The  least  common  multiple  of  several  fractions  is  a 

fraction  whose  numerator  is  the  least  common  multiple  of 

their  numerators,  and   whose  denominator  is   the  greatest 

common  divisor  of  their  denominators. 

For,  tliat  common  multiple  is  the  smallest  which  haa  tlvft  ^\^^V\»8v 
numerator  and  the  largest  denominator. 
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1.  Find  the  least  common  multiple  of  ^,  |4>  H' 
Solution. — To  be  a  multiple  of  each  operation. 

cf  these  fractions,  the  numerator  must        4-44-11 

contain  each  of  the  given  numerators,        ?    h  \f  nf  Knm inR 

and  the  denominator  divide  each  of  the        q.^  q^  j)^  q£  Den.  =  8 
given  denominators ;  hence  the  least  com-         . '  ^  *  q^  '^^  __.  105  =  1 31 

mon  multiple  must  be  a  fraction  whose        

numerator  is  the  least  common  multiple 

of  the  given  numerators,  and  whose  denominator  is  the  greatest  com- 
mon divisor  of  the  given  denominators.  The  least  common  multiple  of 
the  numerators  we  find  to  be  105,  and  the  greatest  common  divisor  of 
the  denominators  is  8 ;  hence  -^^^  or  13^,  is  the  least  common  multiple 
of  the  given  fractions. 

Rule. — Reduce  the  fractions  to  simple  ones  in  their  low- 
est terms;  then  find  the  L.  C  if.  of  the  numerators^  and 
divide  it  by  the  G,  C.  Z>.  of  the  denominators. 

Find  the  least  common  multiple  of 


8-AiAI*-     Ans,  12^. 


6.  6^,YH,llii.  ^ns.  402^. 
6*  8|,  63^,  16^.  Ans.  97  ij. 

7.  6i  1^.  9^,  10^.  Ans,  18064f 

8.  The  Earth,  Mars,  and  Saturn  were  in  conjunction  De- 
cember, 1875 ;  when  will  they  be  again  in  conjunction  at  the 
same  point  of  their  orbits,  the  period  of  revolution  of  Mars 
being  If  years  and  of  Saturn  29^ years?  Ans.  In  1003 yr. 

9.  A  man  has  a  square  lot  which  he  wishes  to  fence,  and 
has  rails  of  four  dififerent  lengths,  namely,  12f  feet,  12^  feet, 
13^  feet,  and  13f  feet,  and  not  enough  of  either  to  fence  any 
two  sides  of  the  lot ;  what  was  the  smallest  possible  side  of 
the  lot?  -4ns.  371 2^ ft. 

10.  A,  B,  and  C  start  at  the  same  place  and  travel  round 
an  island,  A  making  the  circuit  in  |  of  a  day,  Bin  ^  of  a 
day,  and  C  in  f  of  a  day ;  in  how  many  days  will  they  meet 
at  the  starting  place,  and  how  many  times  will  each  have 
gone  round  the  island?  Ans,  6|^  days. 

11.  A,  B,  C,  and  D  start  at  the  same  place  and  travel 
round  an  island  72  miles  in  circumference,  A  traveling  2^ 
miles  an  hour,  B  3^  miles  an  hour,  C  3|  miles  an  hour,  D  4^ 
miles  an  hour ;  how  many  days  before  they  meet  at  the  start- 
ing place,  if  they  travel  10  hours  a  day,  and  how  far  will 
each  have  traveled?      Ans,  120|^days;  A,  42  times,  etc. 
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mzscezj:«akeox7S  frobt.t=;ms. 

1.  If  6f  barrels  of  flour  cost  $51f ,  what  will  4|  barrels 
cost?  Ans.  $35. 

2.  If  9f  pounds  of  sugar  cost  $2.25,  what  will  12|  pounds 
cost?  Ans.  $3.06. 

8.  If  5f  tons  of  bay  cost  $28f ,  how  many  tons  will  $85^ 
buy  ?  Ans,  16  tons.  ' 

in  The  sum  of  two  fractions  is  |^,  and  one  is  ^^ ;  what 
is  the  other  ?  Ans.  -^. 

5«  The  difference  of  two  fractions  is  H\,  and  the  greater 
is  m^ ;  what  is  the  less  ?  Ans,  3^^. 

6.  The  multiplicand  is  f|,  and  product  -^ ;  required  the 
multiplier.  Ans,  IfJ. 

7.  The  divisor  is  -^^  and  quotient  |f|;  what  is  the  divi- 
dend? Ans.  ||. 

8.  The  dividend  is  -^j  and  quotient  f|;  required  the 
divisor.  Ans.  4. 

9.  Divide  the  fraction  \^  into  two  parts,  one  of  which  is 
2i  times  the  other.  Ans,  ^  ;  ■^. 

10*  The  sum  of  two  fractions  is  f ,  and  difference  | ;  re« 
quired  the  fractions.  Ans,  -j^;  •^. 

11.  One-half  of  the  sum  of  two  fractions  is  ||^,  and  twice 
tl^e  difference  is  ^^ ;  required  the  fractions. 

12.  What  is  the  value  of  (f +|— J)x  (t+l-^^),  divided 
by3f?  Ans.  a. 

18.  What  is  the  value  of  (5^— |  +  232^)-i-(3^— If +2^) 
multiplied  by  2^  divided  by  If?  Ans,  2||f 

U.  Divide  |  of  ^  of  7f  by  |  of  |4  of  5f        Ans,  If^. 

16.  Multiply  ^  of  ^  of  ^*-  by  ^  of  56^  of  54^^. 

Ans,  3^^. 
41  194 

16.  Subtract  J  of  ■![  from  ^  of -/.  Ans,^^. 

17|  Of 

17.  Add  ^  of  41i  of  83!^,  1^  of  T^  of  ^Vff,  and  ^. 


21.  Findthevalueof^—ix^^-^''^-^  «  \-^q^io  i    ^f 
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18-  Find  the  value  of  (i±^+  li)^4x^.  .4ns.  ||| 

19.  Find  the  value  of  J  of  ^x  ^X  ^^X  ^^. 

2  3  4  5 

20.  Find  the  value  of  Hx  5^x5^x5^-1 

5^x6^x5^-1      ^^^"^ 

22.  Find  the   value  of  (^-^  4-  —  —  — ")  X  4^  ^ 

4fx5i^200H-  ^ns.3. 

28.  What  is  the  sum  of  ^  |,  f,  f  J,  ^J^,  j^,  ||,  ||,  and  |J  ? 

Ans.  8HH- 
24.  A  man  sold  ^  of  |^  of  his  bank  stock  in  a  month ;  how 
many  fifths  of  |^  remained  ?  Ans,  3  J  fifths. 

26.  If  I  pay  $0.62^  a  cord  for  sawing  wood  4  feet  longinto 
3  pieces,  how  much  more  should  I  pay  for  sawing  wood  8 
feet  long  into  pieces  of  the  same  length  ?  Ans.  $0.15f. 

26.  A  dry  goods  merchant  bought  silk  for  $613^  at  $1^  a 
yard,  and  sold  ^  of  the  quantity  bought  at  a  profit  of  |  of  a 
dollar  a  yard ;  what  did  he  receive  for  the  part  sold  ? 

Ans.  $211^. 

27.  A  bought  of  B  17^  tons  of  hay  at  $11|  a  ton,  and  of  C. 
22^  tons  at  $12^  a  ton,  and  then  sold  D  15  tons  at  S13^  a 
ton,  and  the  remainder  £  bought  at  $13|  a  ton;  what  was 
A's  gain  ?  Ans.  $^^-^. 

28.  Required  the  least  number  of  yards  of  velvet,  allowing 
1  yard  for  waste,  that  can  be  cut  up  without  loss  into  either 
bonnets  or  hat^,  one  style  of  bonnet  requiring  l\  yd.,  and 
another  J  yd.,  and  a  hat  requiring  f  yd.  Ans.  36  yd. 

29.  A  grocer  bought  25  barrels  of  apples  at  $4f  a  barrel ; 
he  sold  Mr.  Smith  |  of  them  at  $5J,  but  finding  they  were 
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beginning  to  spoil,  and  wishing  to  get  rid  of  them,  he  sold 
the  remainder  to  Mr.  Brown  at  $4  a  barrel ;  what  did  he  gain 
or  lose  by  the  whole  transaction  ?  Ans.  Lost  |4^. 

80.  Samuel  Jackson  agreed  to  work  for  a  farmer  a  year, 
receiving  as  wages  $300  and  a  suit  of  clothes.  Having 
worked  8  months,  his  employer  sold  his  farm,  and  Jackson 
received  as  his  pay  $186|  and  the  clothes ;  what  was  the 
value  of  the  suit  ?  Ans,  $40. 

31  •  Three  men  start  at  the  same  time  to  walk  around  a 
circular  race-course  80  rods  in  circumference,  the  first  walk- 
ing  26  rods,  the  second  35  rods,  and  the  third  50  rods  a 
minute  ;  when  are  they  first  together  after  starting,  and  how 
far  from  the  starting  point  ?         Ans.  26f  min. ;  53 J  rods. 

82.  A  steamboat  starts  from  Memphis,  Tenn.,  to  go  up 
the  Missouri  River  to  a  point  101 1|  miles  from  the  starting 
place.  Her  rate  is  10^  miles  an  hour  for  12^  hours  a  day, 
anchoring  at  night  for  fear  of  snags ;  but  when  the  voyage 
is  half  completed,  the  anchor  is  lost,  and  she  then  drifts 
back  every  night  at  the  rate  of  If  miles  per  hour;  how 
many  days  did  the  voyage  require  ?         Ans,  8^JJJ  days. 

83.  In  a  piece  of  machinery  there  are  3  wheels.  A,  B, 
and  C,  each  measuring  11|  feet  in  circumference,  their  axles 
being  in  a  straight  line.  If  these  wheels  begin  to  revolve, 
A  at  the  rate  of  6^  feet  in  a  second,  B  7^  feet,  and  C  9|  feet, 
how  long  before  the  given  points  will  again  be  in  a  straight 
line,  and  how  many  revolutions  will  each  wheel  have  made  ? 

Ans.  140  sec;  A,  78  rev.;  B,  87;  C,  116.  ' 

84.  Three  men  were  employed  to  plow  a  field ;  the  first 
plowed  a  furrow  in  17|  minutes,  the  second  in  23^  minutes, 
and  the  third  in  26|J  minutes,  and  it  so  happened  that  they 
all  came  to  the  end  of  their  furrow  at  the  same  moment  for 
the  first  time  when  the  work  was  finished.  How  long  did 
they  work,  how  many  furrows  did  they  plow,  and  how 
much  should  each  receive,  if  $65.10  was  paid  for  the  work  ? 

Ans.  4714f  min.;  651 ;  1st,  $27.50 ;  2d,  $20 ;  3d,  $1  T.fiO. 
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SECTION       V. 

DECIMAL    FRACTIONS. 

257.  A  Decimal  TraotiOQ  is  a  number  or  the  decimal 
divieiona  of  a  unit 

258.  A  Decimal  Division  of  a  unit  is  a  tenth,  a  kuti- 
dredth,  a  thousandth,  etc.  A  decimal  fraction  is  thus  a 
number  of  tenths,  hundredths,  etc. 

359.  A  Decimal  Fraction  ie  usually  expressed  by 
placing  a  point  before  the  numerator  and  omitting  the 
denominator  ;  thus  .5  expresses  ■^. 

2O0.  The  Symbol  of  a  decimal  is  the  period,  called  the 
deatmal  point,  or  separalrix.  It  indicates  the  decimal  and 
separates  decimals  and  integers. 

201*  The  places  at  the  right  of  the  decimal  point  are 
called  decimal  places.  The  first  place  to  the  right  of  the 
point  is  tenths,  the  secoud  place  is  hundredths,  etc, 

262.  This  method  of  expressing  decimal  fractions  arises 
from  the  decimal  scale  used  for  integers  by  continuing  it  to 
the  right  of  units. 

Thus,  since  (era  is  1  lentli  of  hrnidrtdt,  snd  uni'U  1  lenlh  of  tens,  if  we 
write  a  figure  to  the  right  of  unilE  il  will  express  1  tenth  of  units  or 
(entAe/  two  places  to  the  right,  1  lenlli  of  tenths  or  hwviredtht,  etc 

303.  This  beautiful  law,  as  applied  to  the  expression  of 
integers  and  decimal  fractions,  is  exhibited  in  the  following 

DECIMAL    NOTATION    TABLE. 


3ii3333333      .     333333333 


latcgera. 
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1204.  A  Decimal  is  a  fraction  expressed  by  the  docimal 
notation;  thus  .5  is  a  decimal^  while  -j^  is  a  decimal 
fraction, 

265.  A  Pure  Decimal  is  one  which  consists  of  decimal 
figures  only  ;  as,  .25  and  .345. 

266.  A  Mixed  Decimal  is  one  which  consists  of  an 
integer  and  a  decimal ;  as,  6.15. 

267.  A  Complex  Decimal  is  one  which  contains  a 
common  fraction  at  the  right  of  the  decimal ;  as,  .34^. 

268«  A  Terminate  Decimal  is  one  which  ends;  an 
Interminaie  is  one  which  does  not  end. 

Notes. — 1.  Decimals  may  originate  by  passing  from  common  fractiooB 
to  decimals,  or  by  an  extension  of  the  decimal  scale  to  the  right  of  units. 

2.  Decimal  fractious  appear  to  have  been  first  used  by  Regiomontanus, 
about  the  year  1464.  The  first  treatise  upon  the  subject  was  written  by 
Stevinus,  published  in  1585. 

3.  The  decimal  point,  Dr.  Peacock  thinks,  was  introduced  by  Napier, 
the  inventor  of  logarithms,  in  1617 ;  though  De  Morgan  says  that  Richard 
Witt  made  as  near  an  approach  to  it  as  Napier. 

FxenrciFZiES  of  decimat*  itotatzoit. 

1.  Moving  the  decimal  point  one  place  to  the  right,  mul- 
tiplies the  decimal  by  10;  two  places^  multiplies  by  100,  etc. 

For,  if  the  point  be  moved  one  place  to  the  right,  each  figure  will 
express  ten  times  as  much  as  before,  hence  the  whole  decimal  will  be 
ten  times  as  great ;  etc 

2.  Moving  the  decimal  point  one  place  to  the  left,  divides 
the  decimal  by  10/  two  plaices,  divides  by  100,  etc. 

For,  if  the  point  be  moved  one  place  to  the  left,  each  figure  will  ex- 
press 1  tenth  of  its  previous  value,  hence  the  whole  decimal  will  be  only 
1  tenth  as  great;  etc. 

3.  Placing  a  cipher  between  the  decimal  point  and  the 
decimal,  divides  the  decimal  by  10. 

For,  this  moves  each  figure  one  place  to  the  right  in  the  scale,  in 
which  case  they  express  1  tenth  as  much  as  before,  and  hence  the  deci- 
mal is  only  1  tenth  as  great. 

4.  Annexing  ciphers  to  the  right  of  a  decimal,  does  not 
change  its  value. 

For,  each  figure  retains  the  same  place  as  before,  and  hence  expresses 
the  same  value  as  before,  and  consequently  the  vsdue  of  the  decuxukl  \& 
unchanged. 
8 
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•RXAMFLES  Z2T  ITCTMEX^ATZON. 

1.  Bead  the  decimal  .685. 

Solution. — This  expresses  6  tenths,  8  hundredths,  and  5  tliousandthB, 
or  since  6  tenths  equals  600  thousandths,  and  8  hundredths  equals  80 
thousandths,  and  all  united  equal  685  thousandths,  it  may  also  oe  read 
685  thousandths ;  hence  the  following  rules : 

Rule  I. — Begin  at  tenths^  and  read  the  terms  in  order 
towards  the  right,  giving  each  its  proper  denomination. 

Rule  II Bead  the  decimal  as  a  whole  number ,  and  give 

it  the  denomination  of  the  last  term  at  the  right, 

NoTB. — In  the  second  method  we  may  determine  the  denominator  by 
numerating  from  the  decimal  point,  and  the  numerator  by  numerating 
totoarcU  the  decimal  point. 

Read  the  following  decimals : 

2.  .T3.  6.  T.039.  10.  146.0302056. 
8.  .24^.              7.  8.1367.                11.  316.10010354. 

4.  3.t0|.  8.  t.0308f.  12.  481.000081035. 

5.  2.00f  9.  9.1001f  18.  586.0004003256. 

EZAMFZiES  TN  NOTATZOIT. 

1.  Express  45  thousandths  in  the  form  of  a  decimal. 

SoLunoN  1st. — 45  thousandths  equals  40  thou-      opebation. 
sandths  plus  5  thousandths,  or  4  hundredths  and  5     45  thousandths 
thousanaths ;  hence  we  write  the  5  in  the  third  or     __  q^^    j^^j^ 
thousandths  place,  the  4  in  the  second  or  hundredths 
place,  and  ml  the  vacant  tenths  place  with  a  cipher,  and  we  have  .045. 

SoLUTiOK  2d. — ^We  write  the  45  and  then,  since  the  last  figure  must 
stand  in  the  third  or  thousandths  place,  the  denomination  h^g  thou- 
sandths, write  a  cipher  before  the  4  and  place  the  decimal  point  before 
it,  and  we  have  .045. 

Rule  1.— Place  the  decimal  point,  and  then  write  each 
term  so  that  it  may  express  its  proper  denomination,  using 
ciphers  when  necessary. 

Rule  II — Write  the  numerator,  and  then  place  the  deci- 
mal point  so  that  the  right  hand  term  shall  be  of  the  same 
denomination  as  the  decimal. 

Express  the  following  in  decimal  form : 


2*  Four  hundred  and  seventy- 
five  thousandths. 
3.  Seven  thousand  four  hundred 
dabrt^'Sve  ten-thousandths. 


4«  9  tenths,  8  thousandths,  and  7 
millionths. 

5.  Five  thousand  and  one  mil- 
llonthB. 
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6.  Six  hundred,  and  seven  hun- 
dredths. 

7«  Fifty  thousand  seven  hundred 
and  six  millionths. 

8.  9  thousandths,  6  hundred- 
thousandths,  and  two  hundred-mil- 
lionths. 

9  One  hundred  and  one  thou- 
sand one  hundred  and  one  ten-mil- 
lionths. 

10,  Two  hundred  and  forty 
thousand,  four  hundred  and  six 
thousandths. 

11.  Six  hundred  and  fifty-seven 

Express  the  following  fractions  and  mixed  numbers  deci- 
mally : 


thousand,  4  hundred  and  forty-eight 
and  seven-ninths  millionths. 

12*  Nine  hundred  and  twenty- 
six  million,  4  thousand  and  7  hun 
dred  millionths. 

13.  Four  thousand  and  thirty- 
nine  tenths. 

14.  Fifty-six  million,  and  fifty- 
six  milliontlis. 

15.  Four  thousand  and  two  and 
one-fifth  hundredths. 

IG.  6   ten-thousandths,    5    mil- 
lionths, and  3^1  billionths. 


16.  w.  m  m¥. 

1»«    10000>  100000* 

17.  24^^,  iji^. 


^^*   -IlTf    10  0^00- 

22.  1 0 0 0 (nnr»  looo^oo* 


REDUCTION   OP   DECIMALS. 
269.  The  Reduction  of  Decimals  consists  of  three 
cases,  as  follows : 

1st.  To  reduce  decimals  to  common  firactions. 

2d.  To  reduce  common  fractions  to  decimals. 

3d.  To  reduce  decimals  to  a  common  denominator. 


CASE  I. 


!370«   To  reduce  a  decimal  to  a  common  fraction, 
1.  Reduce  .75  and  also  .16^  to  a  common  fraction. 


Solution. — .75  expressed  in  the  form  of  a 
common  fraction  equals  ^^^  which  reduced  to 
its  lowest  terms,  becomes  }. 

Solution. — .16f  is  16}  hundredths,  which, 


by    writing   the    denominator,  becomes 


16} 
100 

which  equals  r^  or  ^,  which,  reduced  to 

Its  lowest  terms,  equals  }.    Henoe  the  {oWoVm^ 


OPERATION. 

.75  =  ^  =  },^7«. 

OPERATION. 
lfi2-16}_V 

^""lOO^lOO 
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Rule. —  Write  the  denominator  under  the  decimal,  amU^ 
ting  the  decimal  point,  and  reduce  the  common  fraction  tc 
its  lowest  terms. 

Reduce  the  following  to  common  fractions : 


2.  .125. 
8.  .3125. 
4.  .13125. 
6.  7.375. 

6.  5.008. 

7.  7.556|. 

8.  8.25625. 

9.  7.46875. 

10.  9.65625. 

11.  14.75325. 


Ans.  ^ 

Ans,  3^, 

Ans.  IfJ 

Ans,  7f 

Ans,  5jis 

Ans.  7f 

Ans.  S^^ 

Ans.  7^1 

Ans.  9f| 

Ans.Uim 


12.  .83J. 

IB.  .93|. 

U.  .08^. 

15.  .OGf 

16.  2.06J. 

17.  3.43|. 

18.  4.00|. 

19.  5.00f. 

20.  6. 10 J. 

21.  7.060f 


Ans.  f . 

Ans.  If. 

Ans.  ^^. 

Ans.  ■^. 
Ans.  2|^. 
Ans.  3^. 

Alls.  4yj^. 

Ans.  5y^. 
Ans.  6^. 


OPERATION. 

i  =  iof7  = 
1,7.000 


CASE  n. 
271«  To  rediice  a  common  fraction  to  a  decimal. 

I.  Reduce  |  to  a  decimal. 

Solution. — J  equals  i  of  7.  7  equals  70  tenths ; 
\  of  70  tenths  is  8  tenths  and  6  tenths  remaining : 
6  tenths  equal  60  hundredths ;  }  of  60  hundredths 

is  7  hundredths  and  4  hundredths  remaining :  4  

hundredths  equal  40  thousandths;  }  of  40  thou-  .875 

«andths  is  5  thousandths.    Therefore  i  equals  .875. 

Rule. — I.  Annex  ciphers  to  the  numerator  and  divide  by 
the  denominator. 

II.  Point  off  as  many  decimal  places  in  the  quotient  as 
there  are  ciphers  used. 

Notes. — 1.  In  many  cases  the  division  will  not  terminate ;  the  common 
fraction  cannot  then  be  exactly  expressed  by  a  decimal.  Such  decimals 
are  called  interminate  or  infinite  decimals. 

2.  The  symbol  -f- annexed  to  a  decimal,  indicates  that  it  contains  other 
decimal  terms.  The  symbol  —  annexed  to  a  decimal  indicates  that  the  last 
decimal  term  is  increased  by  1.  This  is  often  done  when  the  next  term  ia 
greater  than  5. 

Reduce  the  following  common  fractions  to  decimals: 


2.  If.  Ans.  .9375. 

8.  If.  ^718.  .46875. 

4.  1^.  ^718.  .65625. 

6.  fj.  Ans.  .796875. 

6.  l^.  Ans.  3793103+ . 

7.  fi.  Ans.  .8723404+. 


12.  T+iy. 


Ans.  .7628866- 

Ans.  .78515625. 

Ans.  .1220703125. 

Ans.  .06|. 

Ans.  .0083^. 

Aug.  QOfi^, 
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14.  ^^.  An8,M0l 

16.  ?»0^.  Ans.  t016. 

16.  1.20^.        Ans.  1.201f 

17.  VWt-     -^'^^^  .^'^€62^. 

18.  S.OOjIif.Jns.  3.0000625. 


19.  5.00^.  ^ri«.  5.00015625. 

20.  5.30f  Ans.  5.314. 

21.  t.301^.  Ans.  7.303875. 

22.  6.30f|.  Ans.  6.315625. 
28.  7.300%.  Ans.  7.302875. 


CASS  III. 

fS7/im  To  reduce  decimals  to  a  contfnon  denoinituji- 
tor. 

1.  Reduce  .4,  .25,  and  .875  to  a  common  denominator 

Solution. — For  the  decimals  to  have  a  common 

denominator,  they  must  occupy  the  same  number  of  operation. 
decimal  places ;  .875  occupies  three  places,  express-  .875 

ing  thousandtlis ;  hence  each  of  the  other  decimals  .250 

must  occupy  three  places  that  they   may  express  .400 

thousandths.    .25  equals  .250  and  .4  equals  .400. 

Rule. — Annex  ciphers  to  the  simple  decimals  and  expand 
the  complex  ones  so  as  to  make  each  decimal  occupy  the  same 
number  of  decimal  places. 

Note. — Decimals  will  be  reduced  to  their  least  commoti  denominator 
when  they  are  reduced  to  the  same  number  of  places  as  the  decimal  which 
occupies  tlie  greatest  number  of  places. 

Reduce  the  following  to  their  least  common  denominator : 

?.  .25,  .025,  .37.  Ans.  .250,  .025,  .370. 

8.  .523,  4.36,  and  5.0315.     Ans.  .5230,  4.3600,  5.0315. 

4.  f,  .4036,  and  5.0^.  Ans.  .3750,  .4036,  5.0640. 

5.  .375,  II,  and  ^.  Ans.  .37500,  .64000,  .53125. 

6.  .8135,  T^,  5.03|,  and  ^. 

Ans.  .813500,  .506250,  5.034000,  .265625. 

7.  .45302,  ^,  .01 5i,  and  2.00^. 

Ans.  .45302000,  .49500000,  .01525000,  2.00003125. 

8.  lOl.Olf,  42^,  T^,  and  f 

Ans.  101.017500,  42.187500,  .005625,  .800000. 

9.  75119^,  I,  101.0175,  and  .005625. 

Ans.  75119.037500,  .875000,  101.017500,  .005625. 
10.  .00097656,  ^,  .125. 

Jn«.  .00097656,  ,46875000,  .12500000. 

^1-  '^Qii8Uo>  ^-OOS*  5.78ii  .29167. 

Ans.  .300070,  4.00^0^^,  ^.^^^Y'i^,  .^^\^\^ 
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ADDITION  OF  DECIMALS. 

273«  Addition  of  Decimals  is  the  process  of  finding  the 
sum  of  two  or  more  decimals. 

I.  What  is  the  sum  of  45.37,  56.508, 75.45,  and  86.497  ? 

Solution. — We  write  the  numbers  so  that  terms  of  operation. 

the  same  order  shall  stand  in  the  same  column,  and  45.37 

begin  at  the  right  to  add.    7  thousandths  plus  8  thou-  56!508 

sandths  are  15  thousandths,   which  equals  1  hun-  75!45 

dredth  and  5  thousandths ;  we  write  the  5  thousandths,  86!497 

and  add  the  1  hundredth  to  the  next  column :  1  and  9  ^flo'Soc 

are  10  and  5  are  15  and  7  are  22  hundredths,  which  263.825 
equals  2  tenths  and  2  hundredths;  we  write  the  2 
hundredths  and  add  the  tenths  to  the  next  colunm,  etc. 

Rule. — I.  Write  the  number  so  that  terms  of  the  same 
order  stand  in  the  same  column, 

II.  Add  as  in  whole  numbers^  and  place  the  decimal  point 
between  the  units  and  tenths  of  the  sum. 

Note. — When  there  are  complex  decimals,  reduce  all  the  decimals  to  a 
tommon  denominator  before  adding. 

2.  Add  12.34,  432.015,302.23,  .00025.  Ans,  746.58525. 
8.  Add  137.4263,  3426.01,  412.003,  3.0005. 

Ans.  3978.4398. 

4.  Add  6340.205,  .000632,  4.73,  .00325,  .99935. 

Ans.  6345.938232. 

5.  Add  4.25,  |,  463.2504,  5.0^,  .4036.  Ans.  473.343. 

6.  Add  .000432,  400.25,  72.0o||,  ^,  4.32502. 

^yis.  477.113102. 

7.  Add  500.0006,  ^,  5.03|,  .7654,  .001. 

Ans.  506.30725. 

8.  Add  .4532,  7.00f,  1005.700||,  |,  .OOOf 

Ans.  1013.78646. 

9.  Add  60^^^^,  50.305,  6850.275,  ^,  .OOOO^j^. 

Ans.  6961.227016. 

10.  Add  .432758,  .2|,  .29999997,  .00000003. 

Ans.  .982758. 

11.  Add  .22|+.3333|+.444444f  Ans.  1. 

12.  Find  the  sum  of  2  decimal  units  of  the  2d  order,  2^  of 
the  3d  order,  4^  of  the  4th,  3|  of  the  5th,  5^^  o^  the  6th,  and 
9|  of  the  7th  order.  Ans.  .02295725. 
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SUBTRACTION    OF    DECIMALS. 

!374.  Subtraction  of  Decimals  is  the  process  of  finding 
tbe  difference  between  two  decimals. 

I.  From  853.275  subtract  518.437. 

Solution.— We  write  the  numbers  so  that  terms  of       operation. 
the  same  order  stand  in  the  same  column,  and  begin  853.275 

at  the  right  to  subtract.    "We  cannot  subtract  7  thou-  678.437 

sandths  from  5  thousandths,  hence  we  add  10  thou-  97/000 

sandths  to  5  thousandths,  which  equals  ]  5  thousandths ;  ^4.ooo 

7  thousandths  from  15  thousandths  leaves  8  thou- 
sandths, which  we  write  in  the  order  of  thousandths :  since  we  have  added 
10  thousandths,  or  1  hundredth,  to  the  minuend,  we  must  add  1  hun- 
dredth to  the  subtrahend ;  1  hundredth  and  3  hundredths  are  4  hun- 
dredths ;  4  hundredths  from  7  hundredths  leaves  3  hundredths,  etc. 

Rule. — I.  Write  the  subtrahend  under  the  minuend^  so 
that  terms  of  the  same  order  stand  in  the  same  column. 

II.  Subtract  as  in  whole  numbers^  and  place  the  decimal 

point  between  the  units  and  tenths  of  the  remainder. 

NoTB. — When  there  are  complex  decimals,  reduce  to  a  common  tie- 
nominator  before  subtracting. 

2.  From  406.375  take  237.00462.  Ans,  169.37038. 

8.  From  3462.0004  take  2430.997.  Ans.  1031.0034. 

4.  From  1.0003246  take  .074532.  Ans.  .9257926. 

6.  From  22^  take  14.04|.  Ans.  8.436. 

6.  From  70.43|  take  |J.  Ans.  69.9125. 

7.  From  600.4207  take  .346Jf  Ans.  600.07444. 

8.  From  ^  take  .3333f.  Ans.  9.57666. 

9.  From  ^  take  .003125.  Ans.  .215625. 

10.  From  26  take  15.99999f  Ans.  10.00000|. 

11.  From  3^  hundredths  take  3 J  hundred-millionths. 

.4ns.  .0333333. 

12.  From  seven  thousand  and  seventeen  millionths  take 
.0004125.  Ans.  .0066045. 

13.  From  six  hundred,  and  forty-five  billionths  take  six 
hundred  and  forty-five  billionths.  Ans.  599.9999994. 

14.  From  9  tenths  4  thousandths  and  6  hundred-thou- 
sandths take  113f  millionths.  Ans.  .90394625. 

15.  After  subtracting  7^^^  millionths  ftora  5f  thousandths, 
how  much  must  be  added  to  the  remainder  to  make  2^Uv!ix\ 
dredths  ?  An^.  .^^^i'C^'^^\^^^^^ 
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MULTIPLICATION     OF    DECIMALS. 

275.  Multiplication  of  Decimals  is  the  process  of 
finding  the  product,  when  one  or  both  factors  are  decimals. 

I.  Multiply  4.23  by  .36. 

OPERATION. 

Solution    1st.— 4.23    multiplied    by    36    equals  423 

152.28 ;  and  multiplied  by  36  hwndredths  the  product  [33 

is  1  hundredth   as  great,   which   by   removing    ihe  ' 

decimal  point  two  places  to  the  left,  becomes  1.5228.  ^^X^ 

Hence  4.23  multiplied  by  .36  equals  1.6228.  }^ 

1.5228 

Solution  2d.— 4.23  x  .36  =  f  JJ  X  j%%  =  HUi  =  Tjrhrs  X  15228  = 
1.5228.    From  either  of  these  solutions  we  derive  the  following 

Rule. — Multiply  as  in  whole  numbers ^  and  from  the  right 

of  the  product  point  off  as  many  decimal  places  as  there 

are  in  both  factors^  prefixing  ciphers  when  necessary. 

Note. — In  complex  decimals,  we  may  expand,  or  multiply  by  using  the 
common  fraction,  or  even  reduce  to  a  common  fraction  before  multi- 
plying. 

2.  Multiply  108.0158  by  21.216.      Ans.  2291.6632128. 
8.  Multiply  4.1418  by  .000492.  Ans.  .0020377656. 

4.  Multiply  64.66|  by  .00018.  Ans.  .01164. 

5.  Multiply  27  hundredths  by  .4^.  Ans.  .1134. 

6.  Multiply  42.075  by  13.33^.  Ans.  661. 

7.  Multiply  .06|  by  .0625.  Ans.  .00421875. 

8.  Multiply  36  units  by  36  tenths.  Ans.  129.6. 

9.  Multiply  4^  hundredths  by  24  hundreds,     ^ns.  108. 
10.  Multiply  360  hundredths  by  50  tenths.         Ans.  18. 

II.  Multiply  .2002  by  8.008.  Ans.  1.6032016. 
12.  Multiply  63. Hi  by  4.44|.  Ans.  280.5. 
IS.  Multiply  72.6^  by  4800.  Ans.  348648. 
14.  Multiply  13.207^1  by  124000.         Ans.  1637737.44. 

CONTRACTIONS  IN  MULTIPLICATION  OF  DECIMALS. 

276.  In  multiplying  decimals,  when  the  product  is 
required  to  only  a  certain  number  of  decimal  places,  the 
process  may  be  shortened  by  contracting  each  partial 
product  to  the  required  number  of  decimal  places. 

1.  Multiply  4.78567  by  3.14159,  retaining  four  decimal 
pisoes  in  the  product. 
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Solution. — Since  multipljing  any"  opebation. 

term  of  a  number  by  a  number  of  4.78567 

units,  gives  a  product  of  the  same  95*141.3 

order  as    the   term    multiplied,  we  ^  ^  ^^ '         ^  ^„^«     «  .   ««^« 

place  3,  the  units  figure  of  tibe  multi-  ^^'Wo^^Hl^^^^f'^^ 

plier,  under  the  fourth  decimal  figure  -f  786  =  4.785  X  .1+ .0001. 

of  the    multipUcand;    since    tenths  ^^io^H^r^Sfl"  a22?' 

multiplied  by  thousandths  give  ten-  "^^Af^^i'^A 

thousandths,  we  place  1,  the  tenths  "^^J^'XaaXT".   AA^. 

figure  of  the  multiplier,  under  the        4  =  04-.00009-f  .0004. 

third  decimal  figure  of  the  multipli-  15.0346 
cand,  and  since  hundredths  multi- 
plied by  hundredths  give  ten-thousandths,  we  place  4,  the  hundredtiis 
figure  of  the  multiplier,  under  the  second  decimal  place  of  the  multi' 
plicand,  and  continuing  in  this  manner,  we  finally  have  the  multiplier 
written  in  an  inverted  order.  Multiplying  4.7856  by  3  units,  we  have 
14.3568,  and  adding  .0002,  which  is  carried  from  the  product  of  3  by  7, 
the  rejected  term  of  the  multiplicand,  we  have  14.3570,  the  first  partial 
product ;  multiplying  4i785  by  1  tenth,  and  adding  .0001,  (since  .00006, 
the  product  of  1  by  6,  the  rejected  term  of  the  multiplicand,  is  nearer 
1  ten-thousandth  than  1  hundred-thousandth,)  we  have  .4786  as  the 
second  partial  product ;  multiplying  4.78  by  4  hundredths,  and  adding 
from  the  product  of  the  rejected  term,  we  have  .1914,  and  we  so  con- 
tinue until  all  the  terms  of  the  multiplier  have  been  used ;  9  hundred- 
thousandths,  the  last  figure  of  the  multiplier,  must  be  multiplied  by 
tens  to  produce  ten-thousandths,  but  since  there  are  no  tens  in  the 
multiplicand,  the  only  product  resulting  from  9  is  4  ten-thousandths, 
which  was  carried  from  the  product  of  9  by  the  rejected  term  of  the 
multiplicand.  Adding  these  partial  products,  we  have  15.0346 db  for 
the  entire  product,  which  is  the  same  as  that  obtained  by  the  ordinary 
method.    Hence  the 

Rule. — I.  Write  the  terms  of  the  multiplier  in  a  reverse 
order f  placing  the  units  term  under  that  term  of  the  multi- 
plicand which  is  of  the  lowest  order  in  the  required  pro- 
duct. 

II.  Multiply  each  term  of  the  multiplicand  by  the  multi- 
plier,  rejecting  those  terms  that  are  on  the  right  of  the  term 
used  as  a  multiplier ,  increasing  each  partial  product  by  as 
many  units  as  would  have  been  carried  to  it  from  the  pro- 
duct of  the  rejected  part  of  the  multiplicand^  and  one  more 
when  the  second  term  towards  the  right  in  the  product  of  the 
rejected  terms  is  5  or  more  than  5  /  and  place  the  right 
hand  terms  of  these  partial  products  in  the  same  column 

III.  Add  the  partial  products,  and  point  off  in  the  sum 

the  required  number  of  decimal  places. 

Notes. — 1.  If  the  number  of  decimal  places  In  the  m\ilU^\\<c»xA  \&\<m». 
than  the  number  required  In  the  product,  svippVj  \^<^  ^\^qX<&\i<!s^  V)  ^kssoks^ 
tng  cipben. 
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2.  In  obtaining  the  number  to  be  added  to  each  partial  product,  it  is 
generally  necessary  to  multiply  only  one  term  at  the  right  of  the  iirst  term 
of  the  part  of  the  multiplicand  which  is  Ubcd  ;  but  if  the  terms  are  large, 
the  multiplication  should  begin  two  places  to  the  right. 

3.  We  assume  in  the  rule  that  the  error  caused  by  adding  1  to  the  partial 
product  when  the  second  term  to  the  right  in  the  product  of  the  rejected 
terms  id  5  or  more  than  5,  will  be  balanced  by  the  contrary  error  caused 
by  neglecting  the  second  term  when  it  is  less  than  5.  This  may  not 
always  be  the  case,  and  hence  the  last  term  may  not  be  exactly  correct. 
The  double  sign  =b,  read  plus  or  minus j  is  placed  after  the  last,  term  to 
denote  this  uncertainty.  If  great  accuracy  is  required,  however,  it  may 
be  attained  by  carrying  the  multiplication  one  place  farther  than  required 
by  the  question. 

4.  If  the  decimal  is  a  little  less  than  1,  the  rule  given  in  Art.  114  may  be 
used,  the  figures  to  the  right  of  the  decimal  point  representing  the  ciphers 
annexed,  and  the  multiplication  commencing  with  that  term  of  the  multi- 
plicand which,  multiplied  by  the  lowest  term  of  the  multiplier,  wiU  give 
the  last  figure  of  the  product  of  the  required  denomination.  Thus,  in  the 
6th  example  the  product  must  be  ten-thousandths,  and  the  multiplicand  is 
to  be  multiplied  by  .005,  hence  the  multiplication  must  commence  with 
the  firat  decimal  figure  of  the  multiplicand.  The  6th  and  9th  examples 
may  be  solved  in  this  way  more  readily  than  by  the  rule  given  above. 

Find  the  product  of 

2.  4379.166x.004(r6to  3  decimal  places.  ^y?s.  20.848=b. 

3.  359.73485 X  1.00672  to  4  peaces.        Ann.  362.1523d=. 

4.  SyfffX  6ff|  to  5  decimal  places.       Ans.  52.78047i. 

5.  24.4379x3:^  to  4  decimal  places.       Aiis.  76.1553=h 

6.  369.78347 X. 995  to  4  places.  Ans.  367.9345di. 

7.  561.745639x54.7245.  ^ns.  30741. 24922ifc. 

8.  6534.65693145x62.4376.         Ans.  408008.295623d=. 

9.  7496.847679 X. 99997.  Ans.  7496.622773=h. 


DIVISION     OF     DECIMALS. 

!S77«  Division  of  Decimals  is  the  process  of  findiug 
the  quotient  when  one  or  both  terms  are  decimals. 

1.  Divide  272.636  by  6.37. 

Solution  1st. — Dividing  by  637,  we  would  operation. 

have  for  a  quotient  .428;    but  as  the  divisor        6  37)272  636(42.8 
6.37  is  Yijf  of  637,  the  quotient  must  be  100  '       ocic 

times  .428  or  42.8. 


Or,  since  the  dividend  is  the  product  of  the  jj°^ 

divisor  and  quotient,  it  must  contain  as  many  1274. 

decimal   places  as  both;    hence  the  quotient  5096 

must  contain  as  many  as  the  number  in  the  5096 
dividend  minus  the  number  in  the  divisor;  that 
is,  3  minus  2,  or  1 ;  hence  the  quotient  is  42.8. 

Solution    2d.-272.636  -f-  6.37  =  mH^  -?-  {H  =  HS J  J^  ><  ^ jo  ^ 

mm = A  X  ^m^ = rV  x  428 = 42.8. 
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2.  Divide  .12  by  .008. 

Solution. — ^We  annex  one  cipher  to  the  dividend  operation. 

in  order  to  make  the  number  of  decimal  places  equal  .008).120 

those  in  the  divisor ;  then  dividing,  8  thousandths  is  '       -^rir- 
oontained  in  120  thousandths  15  times,  or  the  number  ^*^ 

of  decimals  in  the  dividend  and  divisor  being  equal, 
the  quotient  is  integral. 

8.  Divide  .072  by  2400. 

Solution.— Annexing  two  ciphers,  so  that  opebation. 

the  dividend  may  contain  the  divisor,  we  find  2400)  07200f  00003 

2400  is  contained  in  7200   hundred-thou-  7200 

sandths,  3  hundred-thousandths  times;  or  

the  divisor  being  integral,  and  the  dividend 

containing  five  decimals,  the  quotient  contains  five  decimals.     From 

these  solutions  we  derive  the  following  rule : 

Rule. — I.  Annex  ciphers  to  the  dividend^  if  necessary  to 
make  the  number  of  decimals  equal  to  the  number  of  deci- 
mal places  in  the  divisor. 

II.  Divide  as  in  whole  numbers^  annexing  ciphers  to  the 
dividend  when  needed  to  continue  the  division. 

III.  Point  off  as  many  decimals  in  the  quotient  as  the 

number  of  decimal  places  in  the  dividend  exceeds  the  num^ 

ber  in  the  divisor. 

Notes. — 1.  We  may  divide,  regarding  the  divisor  as  n  whole  number, 
and  then  change  the  position  of  the  point  in  the  quotient  thus  derived  by 
comparing  the  actual  divisor  with  itself  used  as  a  whole  number. 

2.  When  there  are  ciphers  at  the  right  of  the  divisor,  cut  them  off, 
divide  by  the  significant  part,  and  then  point  off  as  many  decimal  places 
as  before,  plus  Uie  number  of  ciphers  cut  off. 

3.  Make  complex  decimals  pure,  or  divide  them  like  common  mixed 
numbers,  or  midtiply  both  by  the  L.  C.  M.  of  the  denominators,  and  then 
divide. 

4.  Divide  563.717  by  3.85.  Ans.  146.42. 

6.  Divide  101.6688  by  2.36.  Ans.  43.08. 

6.  Divide  187.12264  by  123.107.  Ans.  1.52. 

7.  Divide  381.9438688  by  7.072.  Ans.  54.0019. 

8.  Divide  .00020596611  by  .005873.  Ans.  .03501. 

9.  Divide  .0005094414  by  2.0709.  Ans.  .000246. 

What  is  the  value  of 

10.  .9-4-^?  Ans.  1.125.1  14.  .13-=-.026?  Ans.  5. 

16.  .75-^.025?  Ans.  30. 


11.   T^-^H^  ^^^'  ^'^' 

12.  .144-7-.02|?        Ans.  5.4. 
18.  421^12.25?  Jns.3.4t|i. 


16.  7-h.007?  ^ws.  1000 
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18.  .08-4-.008? 

19.  .005-r-.0015  ? 

22.  .0003-5-3.75? 
28.  .018H-3600? 
24.  1.56 -f- 4800? 
§5.  f-5-20f  ? 
26.  .0f-^.20|? 
1-7.  .0004||-^.013i? 
18.  .0064-7-144000? 


Ans,  10.  20.  .16|-T-12J?  ylrw.  ,0133^. 
An8.^.   21.  }h-.OOJ?    Ans.  112.5 

Ana.  .00008. 

Ans.  .000005. 

Ans.  .000325. 

Ans.  .03883^. 

Ans.  .418f|. 

Ans.  .0375. 

Ans   .0000000375. 

Ans.  .0000000146484375. 


Ans.  4286.93 J 


29.  .003|-h  256000? 

30.  (16.12— .04|)-f-.00|?  ^,co.  ,^«u.„.^5. 
81.  Divide  four  thousand  three  hundred  and  sixty-two  and 

Qve  hundredths  by  six  hundred  and  ninety-five  millionths. 

Ans.  6276330.935^. 

CONTRACTIONS  IN  DIVISION  OF  DECIMALS. 

278.  Certain  Abbreviations  may  be  made  in  the  divi- 
sion of  decimals,  which  will  facilitate  the  operation. 

1.  Divide  35.765342  by  8.76347,  extending  the  quotient 
to  four  decimal  places. 

SoiiUnoN. — In  the  first  method  of 
contraction,  we  compare  8  units,  the 
first  term  of  the  diyisor^with  35  tens, 
Uie  first  two  terms  of  the  dividend, 
and  find  that  the  first  quotient  place 
will  be  units,  and  since  four  decimal 
places  are  required,  it  will  contain 
five  terms.  Taking,  therefore,  the 
five  left-hand  terms  of  the  divisor, 
we  find  that  87634  is  contained  in 
357653,  4  times;  multiplying  the 
contracted  divisor  by  4  and  carrying 
3  from  the  rejected  part,  and  sub- 
tracting from  the  dividend,  we  have 
7114  for  a  new  dividend.  Dropping 
the  right-hand  term  of  the  divisor, 
and  dividing  by  8763,  we  find  it  is 
not  contained  in  the  dividend;  we 
therefore  place  a  zero  in  the  quotient, 
and  dropping  another  term  from  the 
divisor,  we  find  it  is  contained  in  the  dividend  8  times.  Multiplying 
the  divisor  by  8,  carrying  2  from  the  rejected  part  as  in  Contracted 
Multiplication,  and  subtracting,  we  have  104  left  for  a  new  dividend. 
Contmuing  this  process  till  all  the  terms  in  the  divisor  are  rejected,  we 
have  a  quotient  4.0811,  with  a  remadnder  of  7,  and  as  this  is  more  tluin 


CONTRACTED  OPERATION. 

8.76347)35.765342(4.0811 
35  0539 

7114 
7010 

104 
_88 

16 
9 

7 

SECOND  METHOD. 

8.7634  35.765342 


1180.4 


7114 

104 

16 

7 


DIVISION    OF    DECIMALS.  126 

5,  we  ma^  make  the  last  quotient  figure  2.  By  comparing  the  con- 
Inicted  with  the  common  method,  we  shall  see  how  much  the  work  is 
abbreviated  and  how  closely  the  intermediate  results  agree. 

The  second  contracted  method  differs  from  the  first  in  writing  tlie 
quotient  under  the  divisor  in  a  reverse  order,  each  term  of  tlie  quotient 
being  placed  under  that  term  of  the  divisor  by  which  it  is  first  multi- 
pliec^  and  the  remainder  only  being  set  down,  according  to  Case  ILL  in 
Contracted  Division,  Art.  131. 

BtiIc. — I.  Compare  the  divisor  with  the  dividend  to  as' 
certain  the  number  of  terms  in  the  quotient. 

II  For  the  first  contracted  divisor ^  take  as  many  terms 
of  the  divisor,  beginning  witfi  the  first  significant  term  on 
the  left,  as  there  are  terms  in  the  quotient  /  and  for  each 
successive  divisor,  reject  the  right-hand  term  of  the  previous 
divisor,  until  all  the  terms  of  the  divisor  have  been  rejected, 

III.  In  multiplying  by  the  several  terms  of  the  quotient, 
carry  from  the  rejected  terms  of  the  divisor  as  in  con- 
tracted multiplication. 

Notes. — 1.  Annex  ciphers  to  either  divisor  or  dividend,  if  necessary, 
before  beginning  the  work.  We  take  a  divisor  containing  as  many  terms 
as  the  quotient,  in  order  that  all  the  terms  of  the  divisor  may  be  exhausted 
when  we  have  obtained  the  required  number  of  terms  in  the  quotient. 

2.  It  will  be  found  convenient  to  write  each  term  of  the  quotient  as  soon 
as  found  below  the  first  term  of  the  divisor  into  which  it  is  first  multiplied, 
as  in  the  second  contracted  method,  since  greater  accuracy  is  likely  to  be 
thus  attained. 

8.  If  a  divisor  is  a  little  less  than  1,  the  rule  given  in  Art.  182  may  be 
used,  placing  the  dividing  line  to  the  right  of  that  term  of  the  dividend, 
which,  multiplied  by  the  difference  between  1  and  the  divisor,  gives  a  deci- 
mal of  the  required  place.  If  the  number  of  places  in  the  quotient  is  not 
mentioned,  the  decimal  point  may  be  used  as  the  dividing  line.  The  last 
three  examples  may  be  most  readily  solved  in  this  manner. 

Find  the  quotient  of 
2.  36.7346-T-4.T932,  to  2  decimal  places.     Jns.  T.66+. 

8.  487.355  -f- 1.00567,  to  3  places.  Ans.  484.607-r. 

4,  .847963  -4-  .92579,  to  3  places  Ans,  .916—. 

6.  57.643987-^.63975,  to  4  places.  Ans.  90.1039+ 

6.  3  H-  1.0006785,  to  5  places.  Ans.  2.99797—. 

7.  2347-5-5675,  to  6  places.  Ans.  .413568+. 

8.  473  641-^.999,  to  4  places.  Ans.  474.1151+. 

9.  97.68397 -h  .9994,  to  5  decimal  places. 

Ans,  97.74261-4. 

10.  8574.3965-^.99997,  to  6  decimal  places. 

Au». '^VW.^^^W^— 
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1.  Value  of  i^xHx  AxM?  ^'*»-  -^S- 

2.  Of  iW^X  1.44  ?  Ans.  .19083^. 

8.  Of  .25x^-^X -""— ?  Ans,  .0052083^. 
4.  Of  (.04|+.3|— .00t5)x2|?  Ans.  1.1034375. 

6.  Of  (?:Z:i+i^-^)  X  7,7^  ?  Ans.  39.27. 

C.  Of  (6.05+3f— .004i)-i-.4?  Ans,  24.488. 

7.  Of  (.2x.02x.002)— (.01 X. 001 X. 0001x10 J)? 

Ann,  .0000079896. 

«•  ^^"^  ^*5'  l  3H'  •^°'  2Ti-f         ^"«-  20.3055HI?. 

9.  Multiply  56-g  by  72^^^^^.  ^ns.  5676|^. 

10.  Divide  28-|  by  1134^.  Ana.  .02|. 

.7  6j^ 

194 

11.  Divide  .006006  by  .024-|.  Ana.  .242. 

^  24^ 

12.  Divide  .25^  by  4^.  Ans.  .06^^^^. 

1  125 
18.  Divide  5.9001f  by  .174-^.  Ans.  32.778f 

14.  |-  of  5.0356    is  contained  how  many  times   in  |  of 
23.79321?  Ans.  4.8. 

T..   ^   u        ,        ^/23i— 4.6     3.1515  +  3.084       3.5    \ 

15-  Fmd  the  value  of  (-^+-^^^^-^+^ 

H-.0025.  Ans.  7224. 

^.   .  u        ,        ^/1.45fx4.65     16.74-4WZjN      ^,  ^ 

16-  Findthevalueof  (j^^^--X-jj^^ 

Ans.  84.63. 

17.  What  number  divided  by  |  of  3|  of  ^~  will  give  a 

5^  744- 

quotient  equal  to  the  value  of  -|  of  f  of  7^  of  -^? 

Ans.  14.96J4. 
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18.  DiYide(.99+.U— 4A)X^  by  .f^l 

Ans,  .49;^^^. 

19.  Whati8thevalueof4^+^-.33i-^of^+53i5l' 

Ans,  9.86m. 

^,      .     ,         ,       .    50         6.34       4.9       ^'h    .  ^  „, 

20.  What isthe  valueof  3-3^^X  33^X  33|X  2^^ 

^^^    ?  ^ns.  t.32624166f|. 


9.5H 

MISCEXiZiAlTEOITS  FHOBLSMS. 

1.  If  digging  26.64  rods  of  ditch  cost  $U6.26,  what  will 
39.81  rods  cost?  Ans,  $264.37f 

2.  How  many  solid  feet  in  a  pile  of  wood  1.3  feet  long, 
6.T  feet  wide,  and  6.5  feet  high  ?  Ans,  210.465. 

8.  From  a  cistern  containing  2765  gallons,  56.25  barrels, 
of  31.5  gal.  each,  are  drawn  off;  how  many  gallons  remain  ? 

Ans,  993.125  gallons. 

4.  A  and  B  divide  897.26  bushels  of  corn  between  them^ 
A  taking  .37^  and  6  .62^;  how  many  bushels  belong  to 
each?  Ans,  A,  336.46J;  B,  560.78f 

5.  If  I  buy  4  loads  of  wood,  the  first  containing  1.34 
cords,  the  second  1.4  cords,  the  third  .995  cords,  and  thi 
fourth  1.16  cords;  what  would  it  cost  at  $3.75  a  cord? 

Ans.  $18.35f. 

6.  Which  will  contain  the  most,  a  box  5.5  inches  long,  4 
inches  wide,  and  4.25  inches  deep,  or  one  6.5  inches  long, 
4.5  inches  wide,  and  3.5  inches  deep,  the  contents  being 
equal  to  the  product  of  the  three  dimensions? 

Ans.  2d,  8.875  cu.  in. 

7.  Mr.  Jones  gives  .13  of  his  income  in  charity,  spends  .15 
for  books,  .16  in  traveling,  .52  for  his  household  expenses, 
ftnd  saves  $276.84  ;  what  is  his  income  ?  Ans.  $6921. 

8.  How  many  barrels  of  flour,  at  $9.66  a  barrel,  must  a 
man  give  for  75.25  bushels  of  wheat  at  $1.75   a  bushel, 
67.5  bushels  of  corn,  at  $0.85  a  bushel,  and  65 A^  b^^!ywiV^ 
of  oats  at  $0.56  a  bushel?  Ans.  ^'^l.^-V  \i^^^v\^' 
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9.  A  ship  whose  cargo  was  worth  $16,000,  being  dis- 
abled by  a  storm,  .bQ\  of  the  whole  cargo  was  thrown  over 
board ;  how  much  would  a  merchant  lose  who  owned  .25 
of  the  cargo?  Ans  $2109.375 

10.  The  circumference  of  the  fore  wheel  of  a  carriage  is 
13.25  ft.,  and  of  the  hind  wheel  15.75  ft.;  how  many  revolu- 
tions will  each  make  in  going  25  miles,  there  being  5280  ft. 
in  a  mile  ?  Ans.  Fore,  996244  .  ^ind,  8380ff . 

11,  A  grocer  wished  to  buy  an  equal  number  of  pounds  ot 
rice,  hominy,  and  dried  apples ;  the  rice  being  9  cents  a 
pound,  the  hominy  13  cents,  and  the  apples  15  cents;  how 
many  pounds  of  each  can  he  buy  for  $7.03  ?       Ans.  191b. 

12,  Mr.  Bowman  laid  out  $779  in  groceries,  J  of  the  whole 
quantity  being  sugar  at  $0.16  a  pound,  ^  being  tea  at  $0.95 
a  pound,  ^  being  coffee  at  $0.35  a  pound,  and  the  remainder 
being  starch  at  $0.13  a  pound  to  the  amount  of  $19.50  ;  how 
many  pounds  of  each  did  he  buy  ? 

Ans.  700  lb.  sugar,  350  lb.  tea,  900  lb.  coffee,  150  lb.  starch. 

18,  Mr.  Thompson's  will  gave  .5  of  his  property  to  his 
wife,  ^  of  the  remainder  to  each  of  his  two  sons,  and  the 
remainder  to  his  daughter.,  who  received  $1666. 66|;  what 
was  the  amount  of  his  property  and  the  share  of  each  ? 

Ajis.  Amt.,  $10,000  ;  wife,  $5,000  ;  each  son,  $1666.66|. 

14.  James  Williams  left  .2  of  his  property  to  his  son 
John,  .25  of  the  remainder  to  his  son  James,  and  ^  of  the 
remainder  to  his  daughter,  making  his  wife  residuary 
legatee.  The  difference  between  the  wife's  and  the  daugh- 
ter's share  was  $1245.36 ;  what  was  the  whole  amount  of 
the  property,  and  what  did  each  receive  ? 

Ans.  Amount,  $3113.40;  wife,  $1556.70;  John,  $622.68; 
James,  $622  68;  daughter,  $311.34. 

16.  A,  B,  C,  and  D,  having  built  a  stone  wall,  received  a 
certain  sum  which  was  to  be  divided  as  follows:  A  received 
$90.09  and  ^  of  the  remainder,  B  $100.10  and  -jij  of  the 
remainder,  C  $110.11  and  -^  of  the  remainder,  and  D  what 
was  left,  when  it  was  found  that  each  received  the  same 
J9a/n ;  what  was  the  amount  of  their  wages  ?  Ans.  $480.48. 
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UNITED  STATES  MONEY. 

279«  United  States  Money,  or  the  currency  of  the 
United  States,  is  expressed  in  the  decimal  system. 

S80«  The  several  denominations  and  their  relation  to 
each  other  are  presented  in  the  following  table : 

TABLE 

10  mills  equal  I  cent.  10  dimes  equal    1  dollar. 


10  cents     "     1  dime. 


10  dollars     '*       1  eagle. 


NoTB. — \  of  a  dollar  =  25  amtB ;  ^  of  a  dollar =50  cents ;  }  of  a  dollar 
=  75  cents ;  |^  of  a  cent=5  mills. 

2S1.  The  dollar  is  the  unit  and  is  indicated  by  the 
symbol  $ ;  the  eagle  and  dollar  are  read  as  a  number  of 
dollars.     Thus  $385  is  read  385  dollars. 

2S2»  The  dime  is  one  tenth  of  a  dollar,  and  is  expressed 
as  tenths,  the  decimal  point  being  placed  between  dimes 
and  dollars.     Thus  $12.8  expresses  12  dollars  and  8  dimes. 

1583.  The  cent  is  one  tenth  of  a  dime  or  one  hundredth 
of  a  dollar,  and  is  written  in  hundredths  place.  Thus  $8. 15 
indicates  8  dollars  t  dimes  and  5  cents.  Dimes  and  cents, 
however,  are  usually  read  a  number  of  cents.  Thus  $8.75 
is  read  8  dollars  and  75  cents. 

1584.  Since  dimes  and  cents  are  regarded  as  a  number 
of  cents,  when  the  number  of  cents  is  less  than  10,  a  cipher 
must  be  written  in  tenths  place.  Thus  2  dollars  and  8 
cents  are  written  $2.08. 

1585.  The  mill  is  one  tenth  of  a  cent  or  one  thousandth 
of  a  dollar,  and  is  written  in  thousandths  place.  Thus 
$12.3*75  is  read  12  dollars  3*7  cents  and  5  mills. 

Notes. — 1.  In  checks,  notes,  drafts,  etc.,  cents  are  usually  written  as 
hundredths  of  a  dollar  in  the  form  of  a  common  fraction,  as  $12^^. 

2.  When  the  final  result  of  a  business  computation  contains  mills,  if  5  oi 
more  they  are  reckoned  one  cent,  and  if  less  than  5  they  are  rejected. 
Thus  $7,187  would  be  reckoned  as  $7.19  and  $3,162  as  $3.16. 

KEDUCTION  OF  UNITED  STATES  MONEY. 
286.  Reduction  is  the  process  of  changing  a  ilvi.\sJ:\q^\ 

from  one  denomination  to  anotheT  mftxoxaA*  %XX.«tvsitt  \\^^^xi>ft 
9 
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2S7«  From  the  explanations  given  we  have  the  following 


1.  To  reduce  cents  to  millSf  annex  one  cipher, 

2.  To  reduce  dollars  to  centSj  annex  two  ciphers. 

3.  To  reduce  dollars  to  mills,  annex  three  ciphers, 

4.  To  reduce  cents  to  dollars,  place  the  point  two  places 
from  the  right. 

5.  To  reduce  mills  to  dollars,  place  the  point  three  places 

from  the  right. 

Note, — In  reducing  a  number  of  dollars  and  cents  to  cents,  etc.,  remove 
the  separatriz ;  thus,  $5.25  =  525  cents,  and  $8,755=8755  mills. 

PIXAMPLES    FOR    FX^ACTICE. 

1.  Reduce  7  dollars  3  dimes  6  cents  to  mills ;  19  dollars 
5  dimes  6  cents  to  mills ;  75  dollars  65  cents  7  mills  to  mills. 

2.  Reduce  4500  cents  to  dollars ;  400  mills  to  cents ;  460 
dimes  to  dollars ;  49000  mills  to  dollars. 

8.  Reduce  495  cents  to  dollars  and  cents ;  567  cents  to 
dollars,  dimes,  and  cents;  5787  mills  to  dollars,  cents,  and 
mills;  97989  mills  to  dollars,  cents,  and  mills. 

FUNDAMENTAL  OPEKATIONS. 

SI88.  Since  United  States  Money  is  expressed  in  the 
decimal  system,  all  the  operations  may  be  performed  as  in 
decimals. 

Rule. —  To  add,  subtract,  multiply,  or  divide  in  United 
States  money,  proceed  according  to  the  corresponding 
operations  in  decimals. 

FX^ACTICAli   FROBIjSMS. 

!•  Subtract  12^  cents  from  $12^,  and  add  the  remainder 
to  12^  dimes.  Ans.  $13,625. 

2.  From  the  sum  of  $18f  and  18|  cents,  take  the  sum  of 
18|  dimes  18^  mills.  Ans.  $17,044. 

3.  From  the  sum  of  $62^  and  62^  cents,  take  62  mills 
and  add  the  result  to  62 1^  dimes.  "     Ans  $69,313. 

4.  A  man  bought  a  farm  for  $8750.45,  and  after  keeping 
f(  for  5  yesTS  and  makinjj^  $525.61  aboye  Ma  expenses,  he 
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sold  it  for  $650.50  more  than  he  gave  for  it ;  what  was  hia 
actual  profit?  Ans.  $1 176.17. 

5.  Mr.  Jones,  on  balanciDg  his  books,  found  the  following 
dpbts:  A,  «476f ;  B,  «768f ;  C,  $573|;  D,  $969|;  E,  $471|; 
and  F,  $396.25 ;  how  much  was  due  him  ?  Am.  $3656.62^ 

6.  Mr.  Wilson  bought  a  horse  for  $250,  a  carriage  for 
$187^1  and  a  set  of  harness  for  $45 1 ;  he  sold  them  for  $500; 
did  he  gain  or  lose,  and  how  much  ?        Ans,  $16.75  gain. 

7*  Mr.  Stauffer  bought  9  hogsheads  of  molasses,  of  100 
gallons  each,  at  45  cents  a  gallon,  and  sold  them  at  56^  cents 
a  gallon ;  what  was  the  gain  ?  Ans,  $101.25. 

8.  A  lady  bought  some  calico  for  $2.50,  some  delaine  for 
$5.20,  some  trimming  for  $2.37^,  some  buttons  for  50  cents, 
a  paper  of  needles  for  10  cents,  and  some  elastic  cord  for  3 
cents,  and  handed  the  clerk  a  ten-dollar  bill  and  a  five-dollar 
bill ;  what  change  would  she  receive  ?  Ans.  $4.29. 

9.  Mr.  Tomlinson  bought  of  a  farmer  5  cords  of  wood  at 
$7.50  a  cord,  and  7  tons  of  hay  at  $9.75  a  ton,  and  sold  him 
in  payment  a  barrel  of  sugar,  containing  150  pounds  at  8^ 
cents  a  pound,  21  pounds  of  tea  at  65  cents  a  pound,  12 
pounds  of  starch  at  12^  cents  a  pound,  and  the  remainder  in 
cash;  how  much  cash  did  he  pay?  Ans,  $78.22^. 

10.  A  St.  Louis  merchant  bought  in  New  York  25  pieces 
of  silk,  32^  yards  each,  at  $2.80  a  yard  ;  200  pieces  of  cali- 
coes, 35  yards  each,  at  9|  cents  a  yard  ;  8  pieces  of  broad- 
cloth, 29^  yards  each,  at  $4,875  a  yard;  6  pieces  of  merino, 
21  yards  each,  at  87^  cents  a  yard.  If  he  allowed  $4500  to 
purchase  his  stock,  how  much  was  left  to  be  expended  in 
gloves,  etc.  ?  Ans.  $299.25. 

11.  Mr.  Page,  on  closing  his  year's  accounts,  found  thai 
his  purchases  amounted  to  $3275  and  his  sales  to  $7775,  and 
that  the  cash  on  hand  was  f  more  than  at  the  beginning  of 
the  year ;  what  was  the  amount  of  his  capital  at  the  close  of 
the  year,  estimating  his  expenses  at  $2500  ?     Ans.  $4400. 

12.  A  commission  merchant  received  a  consignment  of 
petroleum  ;  he  sold  315  barrels  at  $3.50,  and  the  remainder  at 
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$4.20  a  barrel ;  the  whole  amount  of  his  sales  was  $1459  50 ; 
how  many  barrels  did  he  receive  ?  Ans,  400  barrels. 

13.  A  laborer's  wages  average  $1.62^  a  day,  and  he  works 
26  days  in  a  month;  reckoning  hisexpensesat$22^  a  month 
how  long  will  it  take  him  to  save  $1250?       Ans.  62^  mo. 

14.  A  fish  dealer  bought  Labrador  herring  at  $6.50  a  bar- 
rel, mackerel  at  $17  for  No.  2,  and  $8.50  for  small  No.  3,  and 
pickled  cod  at  $5.25  ;  he  bought  the  same  quantity  of  each, 
and  the  whole  cost  was  $447;  how  many  barrels  did  he  buy 
in  all  ?  Ans.  48  barrels. 

15.  John  Everett  sold  a  cart  for  $65.75,  and  took  in  pay- 
ment 25  bushels  of  wheat  at  $1.14  a  bushel,  10  bushels  of 
rye  at  95  cents  a  bushel,  and  the  balance  in  corn  at  75  cents 
a  bushel ;  how  much  corn  did  he  receive  ?        Ans.  37  bu. 

16.  Bought  2500  lb.  of  dried  peaches  at  6  lb.  for  $1.08, 
and  exchanged  them  for  canned  peaches,  which  1  sold  at 
$4.25  a  dozen,  and  cleared  $60 ;  how  many  cans  of  peaches 
did  I  handle?  Ans.  120  dozen. 

COMMERCIAL   TRANSACTIONS. 

289.  In  Gommercial  Transactions  there  are  ordina- 
rily three  quantities  considered,  the  quantity,  the  price,  and 
the  cost. 

290.  The  Quantity  is  the  amount  bought  or  sold, 
estimated  by  the  number  of  times  it  contains  the  unit  of 
measure. 

ISO].  The  Price  ia  the  value  of  one  of  the  units  of  measure 
of  any  commodity.  The  Coi<t  is  the  value  of  the  whole 
quantity. 

2>92.  An  Aliquot  Part  of  a  number  is  the  whole  or 
mixed  number  which  will  exactly  divide  that  number. 

ALIQUOT  PARTS  OF  $1. 


5  cents  =  ■^. 

6 J  cents  =  ^. 

8 j  cents  =  ^. 

10  cents  =  ^. 

J2j^  cents  ==  ^. 


16|  cents  =  J. 

20  cents  =  \. 

25  cents  =  \. 

33^  cents  =  ^. 

50  cents  =  \. 
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293.  The  simple  operations  of  finding  price,  cost,  and 
quantity  have  already  been  sufficiently  indicated,  and  we 
shall  here  discuss  only  a  few  special  cases. 

CASE  I. 

2tl4«  To  find  tlie  cost  of  a  quantity ,  tlie  price  being 
an  aliquot  part  o/$l* 

!•  What  cost  25  yards  of  muslin  at  16f  cents  a  yard  ? 

Solution. — ^At  $1  a  yard  the  cost  would  be  $25 ;       ofebation. 
hence  at  16|  cents,  which  is  ^  of  $1,  the  cost  will  be         cnoc  on 
Jof$25,or$4.16§.    Hence  the  ^^    '^ 


4.16} 

Rule. —  Take  such  a  fractional  part  of  the  given  quantiii, 
as  the  price  is  of$l. 

2.  What  cost  120  pieces  of  Merrimac  prints,  each  contain- 
ing 35  yards,  at  $.06^  a  yard  ?  Ans.  $262.50. 

8*  Mr.  Dawson  bought  75  bags  of  Laguayra  coffee,  con- 
taining 43  lb.  each,  at  $.25  a  lb. ;  what  was  the  whole 
cost?  ^n«.  $806.25. 

4.  Bought  125  quarter  boxes  of  new  raisins  at  $.83^  a 
quarter  box,  and  sold  them  at  $.87^ ;  what  was  the  gain  ? 

Ans.  $5.20f 

5.  Bought  63  gallons  of  winter  strained  lard  oil,  at  $1.12^ 
a  gallon,  and  14  gallons  crude  sperm,  at  $1.37|  a  gallon ; 
what  was  the  cost?  Ans.  $90.1i4^. 

CASE  II. 

208«  To  find  the  cost,  the  quantity  and  the  p^ce 
of  100  or  1000  being  given. 

1.  What  is  the  cost  of  3508  feet  of  pine  boards,  %%  $3.37  J  a 

hundred? 

Solution. — If  100  feet  cost  $3.37  J,  1  foot  will  cost  operation. 

ff  of  $8.37  J,  and  3508  feet  will  cost  3508  times  3  375 

js  of  $3.37  J,  which  is  the  same  as  yj^y  of  3508  times  35Q3 

.37J,  which  by  multiplying  and  cutting  off  two  iiq"5H^ 

places  m  the  product,  we  find    is    $118,395,  or  llx.^yoU 

$118.40.  Ana.  $118.40 

Rule. — Multiply  the  price  by  the  quantity ,  and  point  oft 
in  the  product  two  places  for  price  per  hundred^  or  Ihrct 
places  for  price  per  thousand. 
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Note. — ^The  price  per  hundred  or  per  thousand  is  expressed  thus :  ^  C, 
or^M. 


2.  What  is  the  cost  of  3145  Egg  Harbor  oysters,  at  87^ 
cents  ^  C  ?  Ans.  $2*7.52. 

3.  How. much  will  be  paid  for  525  feet  of  poplar  boards 
at  $17.12^  ^  M,  1867  feet  of  hemlock  scantling  at  $3.25  ^  C, 
and  9850  feet  of  lath  at  $8.06^  ^  M?  Ans.  $149.08. 

4.  A  lumber  merchant  bought  12720  feet  of  white  oak 
plank  at  $53  ^  M,  72450  feet  of  pine  boards  at  $33.25  ^  M, 
aod  4250  feet  of  siding  at  $1.87^  ^  C  ;  what  is  his  whole 
bill?  Ans,  $3162.81. 

5*  Wishing  to  have  some  repairs  made  on  my  house  1 
bought  1675  shingles  at  $6.37^  ^  M,  6725  bricks  at  $7.87^ 
y  M,  and  2487  feet  of  boards  at  $14.75  ^  M ;  what  did  my 
material  cost?  Ans.  $100.32. 

CASE  m. 

390*  To  find  the  cost,  the  quantity  and  the  price  of 
a  ton  of  2000  pounds  being  given. 

1.  At  $76.45  a  ton,  what  will  be  the  cost  of  6427  pounds 
of  railroad  iron  ? . 

OPERATION. 

Solution. — Dividing  $76.45,  the  price  of  a  ton,  ' 

by  2,  we  have  $38,224,  the  price  of  1000  pounds;  fiiof* 

and  proceeding  as  in  Case  11.,  we  have  $245.67  as  ^ "^* 

the  price  of  6427  pounds.  245,672.07} 

Ans.  $245.67. 

Rule. — Multiply  half  the  price  of  a  ton  by  the  quantity ^ 
and  remove  the  decimal  point  three  places  to  the  left. 

2.  What  is  the  cost  of  7225  pounds  of  Lehigh  red  ash 
coal  at  $8.25  a  ton,  and  5673  pounds  of  Trevorton  coal  at 
$7.50  a  ton?  Ans.  $51.08. 

8.  Shipped  on  the  Baltimore  and  Ohio  Railroad  92793  lb. 
of  pig  iron  at  $3.60  a  ton,  and  87437  lb.  of  English  rails  at 
$2.40  a  ton;  what  was  the  charge?  Ans.  $271.95. 

4.  James  Marter  bought  750  pounds  of  potash  at  $6.87^ 
p*  C,  and  8727  pounds  of  lime  at  $3.66|  a  ton,  and  sold  the 
potash  for  8  cents  a  pound  and  the  lime  at  22  cents  ^  C ; 
what  was  his  proQt?  Ans.  $11  64. 
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BILLS  AND  ACCOUNTS. 

297«  A  Bill  is  a  written  statement  of  goods  sold,  serv^icea 
rendered,  etc.,  giving  the  place,  date,  names  of  parties,  and 
the  price,  quantity,  and  cost  of  each  item. 

SOS*  An  Invoice  is  a  full  statement,  sent  to  a  purchaser 
or  agent,  at  the  time  the  goods  are  forwarded,  containing 
the  marks,  contents,  and  prices  of  each  package,  the  charges 
paid,  and  the  mode  of  forwarding.  The  terms  Invoice  and 
Bill  are  often  used  interchangeably. 

299.  The  Footing  of  a  bill  is  the  amount  of  its  items. 
To  extend  an  item  is  to  write  its  cost  in  the  proper  column. 
A  bill  is  receipted  when  the  person  to  whom  it  is  due,  or  his 
agent,  writes  at  the  bottom  of  the  bill  ''Received  Payment," 
and  signs  his  name. 

300*  An  Account  Gurrent  is  a  written  statement  of 
the  business  transactions  between  two  parties  for  a  given 
time.  The  party  who  owes  is  the  Debtor;  the  party  owed 
is  the  Creditor, 

301.  To  Balance  an  Account  we  find  the  difference  of 
the  footings  of  the  two  sides  and  add  it  to  the  smaller  side, 
so  that  the  two  amounts  are  equal. 

Notes. — 1.  Tlie  abbreviation  Dr.  signifies  debU  or  debtor;  Cr.^  credit  or 
creditor  @  signifies  atj  and  denotes  the  price  of  the  unit  of  measure;  % 
stands  for  account ;  f  for  c&n.t%  ;  No.  or  j^  for  number;  pes.  for  piece*,  and 
622,  igs^  61^  signify  respectively  62^,  ISf,  6^  ;  S  pes.  sheeting  42,  42^,  45» 
signifies  that  the  pieces  contain  respectively  42,  42^  and  45}  yards. 

2.  Various  marks,  such  as  U  enclosed  in  a  diamond,  caUed  "  diamond 
H,"  or  K  enclosed  in  a  circle,  called  "  circle  K,"  and  also  different  num- 
bers, are  placed  upon  goods  and  packages  for  convenience  in  distinguish- 
ing them  in  invoices. 

3.  Accounts  current  are  frequently  made  out  every  month,  and  are  then 
caUed  monthly  statements,  and  generaUy  contain  only  the  amounts  bought 
at  each  date,  bills  of  the  items  having  been  furnished  at  the  time  of  buying. 

4.  Deductions  are  often  made  in  bills,  sometimes  from  the  retail  price  of 
the  items,  and  sometimes  from  the  amount  of  the  bill.  Deductions  from 
the  retail  price  are  generally  made  to  customers  buying  in  considerable 
quantities,  and  deductions  from  the  amount  are  made  for  cash  payments 
or  payments  within  a  short  specified  time,  the  prices  in  such  bills  being 
mostly  wholesale.  The  symbol  %,  meaning  hundredth,  is  frequently  used ; 
thus,  less  6%  means  6  htmdredths  deducted. 

30IS.  Required  the  footings  and  balances  of  the  following 
bills  and  accounts : 
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Fhiladelpeu.  Det.  Wi,  1874. 
Hr.  JoHH  Wii^oB, 

BaugU  of  ROEBUCK  A;  CO. 


BbL 

1* 

43iGalU.  Bleached  Whale  Oil,                   @ 

SO 

BbL 

™. 

41      "      IJnseedOil,                                     100 

Bbl. 
Cm 
160 

1 

10       "       Olive  Oil  MaldgB,                                1 
Cartage, 

4S 
45 

1 
*113 

Kec«i*ed  paTmenl, 

KoEBUCE  &  Co. 
Note. — An  alkrwance  called  "aDte"lamade  fbr  barrels  oot  bdugdlled; 
7|  lb.  irf  Unseed  oil  laake  a  galloB. 


411  Market  St.,  Philadxu^ia,  Jam.  13,  1871. 
Hr.  Tbomab  M.  Bbown, 

ML  Aim,  ^-  C- 

Btwght  of  B0GEB8,  CHAMBEB8  &  CO. 
Ttrm»i  intotttlit. 


11 

S 

•i 

ff/.\ 

It: 

AIN' 

87HH 

'f. 

A 

31'^ 

^w 

:- 

Slf 

1 

xw 

? 

317» 

1 

S420 

2 

Doz.  Child's  Col'd  Berlin  Gloves, 
"     Misees*     do       do         do 

Ladies'  Cation  do  7' 

do      Lisle  do  6' 

Boja*  Sheep  Dririi^    do 
Ladies'  Colored  Jouvin  Kid  Gloves,   i 
Ladies'  White  Cotton  Hmb, 
do         do        do       do    rib'd 
do     Iron  Frame        do 
do     Balbrigean         Hn 
Misses'  While  Cott«i 
do         do        do 


00 


KoTS. — S£  refers  to  the  numbers  from  3  to  5 ;  li^  the  next  to  the  lasl 
'    230  360 
Item,  1  doien  -^  -^  etc,  the  meanings  Is  that  there  are  1  dozen  No.  S  @ 

t3.R0, 1  dosen  6}  @  (2.60  and  so  on.  It  iriU  be  noticed  that  here,  where 
the  dozen  ts  repeated,  the  price  Is  the  upper  term  of  the  fraction  and  ilje 
dze  the  lower,  while  in  sabsequent  examples  the  number  of  dozens  U  'lie 
upper  tenn,  tiigether  v)th  the  size  If  given,  and  the  price  the  lower.  Thus 
when  the  price  Is  the  npper  term  the  quantity  la  to  be  repeated  ao  mau; 
/Ado  s«  there  are  different  prices. 
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Fhiladelfiua,  Oet.  2,  18TQ 
HeHTB.  J.  G.  Uastxk  &  Co., 

Athens,  Oa. 

Bougia  of  HOOD,  DAVIS  &  CO. 
_^.(7ipr.rt.q(rl0<fai,i 
j»rTM.  |g^  d.  qf  SO  day: 


Bcara  Black  Alpaca,                  54  each 

Phikda.  Eibbed  Poplin,                  4fi  43' 

Jilk&  Wool 

"              54  42  metret 

Btowii  Barege, 

14 16  auna 

12aaiu 

French  Merlnocs 

54  41  47  metree 

Japanese  8Uk, 

45  47  metres 

Black  Gros  Grair 

Silk,                94  amu 

"        Taffeta 

72  aims 

Lew  6%  for  30  days, 

108 

H7> 

88' 

M.' 

104 
37" 

137' 
87' 

15 

41i 

I53H 

10.1 

fi'^» 

117' 

■OT» 

90 

186 

915 

Beceived  payment,  Nov.  1., 

UooD,  Datis&Co., 

Per  John  Albright 
NoTB. — ThisbOl  sbowa  a  different  mannerof  making  out  accounts.  The 
first  column  glicB  a  mark  of  Ibe  goods  ;  tbe  first  Item  written  ont  would 
read:2pi««<  beaver  bluck  alpaca,  54  ^ordia  each,  108  uorili  @  8T|r,  the 
last  colimin  containing  the  cost  of  the  Item,  as  nsual.  Metrtt  and  aitm  art 
French  measnree,  the  former  lielng  equal  to  1^  yd.  and  the  latter  to  l]y&. 
Thcj  are  reduced  to  yarde  In  the  yards  column. 


New  Tokk,  Augiul  \1th,  1875. 
Mr.  Josh  Walkeb, 

JfeiBburg,  If.  T., 

Soug/it  o/BROVGHER  &  TILDES. 


Set  W.  G.  Tea  Ware  48  pea. 
Teas  Handled, 

2-6  in.     2-7  ir 


Dos. 


Plab 


2-Siii 


126 


140 


Pitciiera-^; 


J!  16  JI12  1224  i|3^ 
"_    .        .       ___      2n0' 
Soup  Tureen, 
Gtnss  Bowls  &  Cover, 
D-ffl.  Glass  Sjnip  Cans, 
'■      Sun  Chimneys  fifl, 
•'     Stand  Lamps  jpi2, 


Glass  Dishes  oval 


1-3  in.  1-6  ii 

100        150 


1-7  in 


S^.,w 

05 

.1 

50 

l.K 

4.0( 

lir.  41 

8.60 
in. 

■00  ' 

2 

6o| 

NOTl.— 

®  tl.2^  3 


lat  there  are  2  dozen  6  Inch  plates 
^  11.40,  and  %  doienft  tonAi*^  %\.Wi,i»»!»ta.?,'fis*  * 
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Invoice  of  142  Bales  of  CoUod,  shipped  per  Steamer  Oceao  Wbt^ 
icaes  Master,  consigned  U>  Wells  &  Davis,  New  York,  for  sale  on 
account  of  Lafourche  &  Meiirlce. 


50  Bales  Good  Ordinarv,  20150  lb.  @  12*?, 

"     "         "  "         19248  lb.  @  llji', 

"      Uiddling,  1S941  lb.  @  Uif, 


Dnijage, 

Insurance, 


New  Oblbanb,  Oet.  2: 


7593  t 
Lafodhche  &  Meubice. 


8t.  Louis,  Mo.,  Maj/ 16,  1675. 
HEBSBfl.  Tbohsom,  Jokes  &  Co., 

iDdependence,  Ua. 
SmisM  of  TRUITT,  WATSON  &  ROGERS. 


1  " 

Diaston's 

'k^dSiws.^T, 

1  " 

Hdld  Socket  Chisels  Ea., 

66  lbs 
60i'' 

Hoop  Iron,  1  inch. 
Sadiron, 

1  M  Tin  Iron  Bivete  Ea.,  — 
I  ■■  Tniitfs  Needled  Sharpe, 
1  C  Phila.  Carriage  Bolts,  ^ 


56   ( 


».  fi* 


\  doz.  Pocket  Knives,  - 

i    " 

J     "      Razors,  - 

47S      B77  600 


#1031  " 
_  ^ 
#1131  981' 


650    850 


— In  this  example 


ix*i 


algnlfles  that  we  have  \  C  bolt« 


il  inches  In  diameter  by  4i  long  @  t4.fa,  J  C  J  Inches  in  diameter  by  61 
unc  @  15.77,  \  C  S  inches  by  7  long  @  $6.00,  and  2  gross  screws  1  In   m 
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July 
Sept. 

Not. 


FA. 
Mar 

Aop. 

Dec 


7b  J0RDA2T,  MABSH  &  CO., 


To  I  piece  Irish  Linen,  15  jds.C 

"   "    "      BwiflsMuJl,  20  "    ' 

2  piece*  Buasia  Cissb,  31  "    ' 

1  piece  Marseillea  Vesting,  12  "    ' 

"      "     (Buff  Drew  Linen,         35   "    ' 
"     "    Fisher's  Tweed,  17  "    * 

«      "    i  Red  Wool  Flannel,      27  "    ' 
"     "    i  White  Flannel,  81  «    "32^ 

Ce. 
Bt  1  Box  Peerless  Bright  Navy  Totwcco, 
•'  lA  M  Key  West  Cigars, 
"  A    "  Panaga 
"  I  Jar  Garrett's  Snuff 
"  1  CaseVioletCutandDrySmok'gTobacco 
"   1  Gross  Brierwood  Pipes,  No.  143, 

Balance  due  Jamee  Mastera, 


HsBCBR  &  Wat, 


£i  ^  «<t(A  FOSTER  &  MARTIN, 


1878 

Oct. 

1 

ToMpceTroyPrinls, 

53ydB{^* 

"  SO  "  Eng.  pSqU, 

SaydsOllie 

"  20"  Solid  Blact, 

Nov 

T- 
£8 

BvSpca  French   Tri- 
cot, 25  j-de.@t5:a5 
"  S  pea  Eng'h  Broad- 
cloth, 15  yd8.@(6 

Der. 

IS 

"  2pcB  French  6  road- 

47J  yds@l!« 

187(1 

cloth,  20  yd8.@t4.75 

Nov 

15 

"  25  "  Udftlnes,  35 

Jau, 

2 

Hots  till   balance 

yd«@ao* 

IgiSOda. 

230 

72 

30 

"  18  "  While  Paper 

1 

Cambrie,41yds@10J# 

Dec.  13 

To20pcBPi-ci.Col(on- 
ade,  ^ydsSaW 

To  lOpcaBl'k  Tabby 

Velvet,  12  )'da@5TJ? 

ToSpcsUocsklnJean 

Sajiial^jSTie 

/ 

- 

= 

= 

^ 

' 

= 

. 

Philadelphia,  Jan.  1, 1876. 
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303.  Make  out  bills,  etc.,  from  the  following  data,  using 
the  names  of  the  pupil  and  teacher  as  seller  and  buyer,  and 
the  present  date  and  place : 

1.  25  lb.  Tea  @  -^--,   i^ ;    16  lb.  Coffee  @  35^ ;  15  lb. 

Granulated  Sugar  @  14^ ;  10  lb.  Brown  Sugar  @  10^ ;  1 
barrel  No.  1  Mackerel,  $28 ;  3  gal.  N.  O.  Molasses  @  50f  ; 
12  lb.  Dried  Apples  @  12i/^ ;  3  lb.  Butter  @  45)^,  and  2 
doz.  Eggs  @  35^ ;  paid  $20  on  account.  Required  balance 
due.  Alls.  $o9. 

2.  Bo't,  Aug.  2,  12  bbl.  Patent  Minnesota  Extra  Flour  @ 
$8.15 ;  Aug.  3,  20  bbl.  Good  Extra  Western  @  $6 ;  Aug.  11, 
15  bbl.  Good  White  Western  Extra  @  $7.50  ;  Aug.  15,  paid 
$120  on  account ;  Aug.  17,  bo*t  16  bbl.  Very  Choice  Min- 
nesota Extra  @  $10;  Aug.  20,  paid  $200  on  account ;  Aug. 
22,  bo't  50  bbl.  Western  Com  Meal  @  $3.45 ;  Aug.  25, 300 
lb.  Buckwheat  Flour  @  $3.25  f,  C;  Aug.  30,  sold  20  hhd. 
Porto  Rico  Molasses,  2235  gal.,  @  45.^ ;  required  monthly 
statement  of  account  and  balance  Sept.  1st.   Aiis,  $653.20. 

3.  Bo't,  Sept.  19, 10  lb.  Passaic  Patent  Thread  @    -^, 

ffoO 

^,  less  25  %  ;  2  Packs  Brass  Pins   @  ^,   -|^,  -^,  less 

10  % ;  1  Gross  Rubber  Coat  and  Vest  Buttons  each  $1  and 

47^      65    72''    87'    95 


75f^ ;  3  pes.  Silk  Velvet  Ribbon  @ 


#li'    If'    2  '  2r    3 


,       _,  less  10%  ;  4  pes.  Velveteen  Ribbon  @  -^ppi  ^, 

4    6  #1J   2 

40  45  55  60  70  85  105  115  ,   ^r;^  q^  Ayrn;oV 

w  -s'  w  -r  X'  X'  -7-'  ^'  ^'"^  ^^^' '  ^^  ^  ^''^' 

ens  Collars  @  $7 ;  2t^7  Jerome  Collars  @  $17.50 ;  31  doz. 
Coats's  Spool  Cotton  @  76^ ;  1 }  M  Needles  @  $2 ;  2  doz. 
Rubber  Long  Combs  @  $4.50 ;  1  doz.  Mahogany  Back  Hair 
Brushes,  $8.50 ;  i  Gross  Honey  and  Glycerine  Soap,  each 
@  $5.50.  Payments  on  account  Sept.  19,  $50  ;  Nov.  25,  $50 ; 
what  is  due  at  the  final  settlement  ?  Ans.  $74.85. 
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CIRCULATING  DECIMALS. 

304.  A  Girculating  Decimal,  or  Girculate,  is  a  deci- 
mal in  which  one  or  more  figures  repeat  in  the  same  order. 

305.  A  Repetend  is  the  figure  or  set  of  figures  which 
repeat;  thus,  in  .3636  etc.,  the  repetend  is  36. 

306*  A  Repetend  of  one  figure  is  expressed  by  placing 
a  dot  over  the  figure;  thus,  .3  expresses  .333  etc. 

307.  A  Repetend  of  more  than  one  figure  is  expressed 
by  placing  a  dot  over  the  first  and  last  figure ;  thus  6.345 
expresses  6.345345  etc. 

308.  A  Pure  Gircnlate  is  one  which  contains  no  fig* 
ares  but  those  which  repeat ;  as,.345.  ^ 

309.  A  Mixed  Circulate  is  one  which  contains  one  or 
more  figures  before  the  repeating  part;  as,  .3*7435. 

310.  In  a  Mixed  Circulate  the  two  parts  are  distin- 
guished as  the  repeating  and  non-repeating  parts,  or  as  the 
repetend  and  the  finite  part. 

311.  A  Simple  Repetend  contains  but  one  figure,  as,  .3. 
A  Compound  Bepetend  contains  more  than  one  figure ;  as,  ' 
.342. 

312.  Similar  Repetends  are  those  which  begin  and 

. .  . . 

end  at  the  same  decimal  place;  as,  .427  and  .536. 

3i3«  Dissimilar  Repetends  are  those  which  either  be- 
gin or  end  at  different  decimal  places;  as,  .536,  .742,  and 
.3765. 

314*  A  Perfect  Repetend  is  one  which  contains  as 
many  decimal  places,  less  1,  as  there  are  units  in  the  de- 
nominator of  the  equivalent  common  fraction ;  thus,  4^= 
.142857 

31S«  Repetends  are  said  to  be  conterminous  when  thej 
end  at  the  same  decimal  place,  and  cooriginous  when  thej 
begin  at  the  same  place. 

Origin  op  Circulates. — Circulates  had  their  origin  in  reducing 
common  fractions  to  decimals. 
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Notes. — 1.  The  subject  of  circulating  decimals  was  first  developed  by 
Dr.  Wallis,  Professor  of  Geometry  at  Oxford,  bom  in  1616. 

2.  Circulates  which  begin  at  the  same  place  are  usually  called  iimUar^ 
and  those  which  end  at  the  same  place,  cofUerminous.  It  is  more  precise 
to  include  both  of  these  in  similar  and  give  another  name  to  those  which 
begin  at  the  same  place.  Surely  circulates  are  not  entirely  similar  unless 
they  begin  and  end  alike. 

3.  There  being  no  word  employed  to  denote  a  similarity  of  origin,  the 
term  codriffinoics,  expressing  a  co-origin,  is  suggested.  Its  appropriateness 
may  be  seen  by  comparing  it  with  conterminous^  a  co-termination. 

4.  In  reading  a  mixed  circulate,  read  the  decimal  and  then  name  the 

repeating  part ;  thus  .206  is  read,  ^*  the  mixed  circulate  206  thousandths, 
In  which  06  repeats.'' 

REDUCTION   OF   CIRCULATES. 

316.  The  Reduction  of  Circulates  is  conyenientlj 
treated  under  four  cases. 


CASE     I. 
317*  To  reduce  a  common  fractiofi  to  a  circulate* 

1.  Reduce  ^  to  a  circulate. 

OPEKATION. 

Solution. — Annexing  ciphers  to  the  7  and  divid-        22)7.000 
ing  by  22,  as  in  Art.  271,  we  find  ^  equals  the  circu- 


late .318.    Hence  the  following 


.31818+ 
=.3i8 


Rule. — Annex  ciphers  to  the  numerator  and  divide  by  the 
denominator,  until  the  terms  begin  to  repeat,  and  then  place 
the  period  over  the  first  and  the  last  terms  of  the  repeating 
part. 

Reduce  the  following  common  fractions  to  circulates : 


2-«. 

Ans,  .90. 

8. 

H- 

Ans.  .96. 

8-H- 

Ans,  .39. 

9. 

li- 

Ans.  .954. 

4.  tf- 

Ans,  .9772. 

10. 

i^- 

Ans.  .952380. 

5.  «. 

Ans.  .846153. 

11. 

H- 

Ans.  .96428571. 

6.  If. 

Ans,  .9285714. 

12. 

Ml- 

Ans.  .99695121. 

'.  M- 

Ans.  .9714285. 

IS. 

m- 

Ans.  .99759615384. 

Prove,  by  actual  division,  the  following  principles : 


1.  That|=.l. 

2.  That  ^=.01. 

3.  That  ^=.001. 


4.  That  9^^=.000i. 
6.  That^^=.6000i. 
6.  That  ^5-^.^^^=  .000001 
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ABBREVIATED  METHOD  OF  REDUCTION. 

818.  An  Abbreviated  Method  may  be  employed  when 
the  circalate  consists  of  many  figures. 

!•  Reduce  1}-  to  a  circulate. 

Solution. — f  =  .14};  now  }  is  2  times  ^,  hence  }  equals  2x*14}  or 
.28^;  substituting  the  value  of  },  we  have  .1428f ;  now  t  =  ^  times  f, 
hence,  f  ==4X.1428J,  or  .5714};  substituting  this  value,  we  have  ^=» 
.14285714},  which  we  see  begins  to  repeat ;   hence,  }  =  .142857  f. 

NoTB. — The  solution  so  cle^U'ly  indicates  the  method,  that  no  rule  need 
be  given  for  it. 

Reduce  the  following  fractions  to  circulates : 


2.  ^,  Ans.  .02439. 

8.  ^.  Am   .047619. 

4.  ^.  Ans.  .076923. 

5.  ^.  ^ns.  .025641. 

6.  ^.  Ana.  .01369863. 


7.  ^.    Ans.  .0188679245283. 

8.  n^.  Ans.  .0126682278481. 

9.  ^.    Ans.  .0588236294117647. 
10.  3V-^^«- •052631578947368421. 


CASE  II. 


819«  To  redtice  a  pure  circulate  to  a  camman  frctc- 
tion. 

NoTB. — There  are  three  distinct  methods  of  explaining  this  case,  two 
of  which  are  given  here  and  the  other  uuder  Geometrical  Frogressiou. 

1.  Reduce  .648  to  a  common  fraction. 

Solution  1st.— Since  .OOi  equals  ^7,  as  opebation. 

shown  in  Art.  317,  .648,  which  is  648  times         .6oi=^7 

.60I,  equals  648  times  ^7,  which  is   fJJ,         .648=fH=j},  ^rw. 
and  this,  reduced  to  its  lowest  terms,  is  }}. 

Solution  2d. — Let  F  represent  the  operation. 

common  fraction,   then  we  will   have  p  __  648648  etc. 

F=. 648648  etc;  multiplying  by  1000  ^^^^  F=  648.648648  etc. 

to  make  a  whole  number  of  the  repeat-  ggg  p  __  g^g 

ing  part,  we  have  1000  times  the  frac-  F  =  4M  =  I#  Atis 

tion  equals  648.648  etc.;     subtracting  '••      '^* 
(mce  the  fraction  from  1000  times  the 

fraction,  we  have  999  times  the  fraction  equals  648 ;  hence  the  fraction 
equals  ff4=|J. 

Rule. —  Take  the  repetend  for  the  numerator  of  a  frac- 
tion, and  as  many  9*s  as  there  are  places  in  the  repetend 
for  the  denominator^  and  reduce  the  fractifm  to  its  lowest 
terms. 
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Reduce  the  following  circulates  to  common  fractions : 


2.  .054. 

3.  .324. 

4.  .370. 

5.  .296. 

6.  .962. 


Ans.  ■^. 
Ans,  -Jh^. 
Ans.  -J^. 
Ans,  ^. 
Ans,  f^. 


7.  .888. 

8.  .980i. 

9.  .860139. 

10.  .986013. 

11.  .9230T6. 


Ans,  |. 

Ans,  ^^, 

Ans.  III. 

Ans.  If^. 

Ans.  ||. 


CASE   III. 


320«  To  redtice  a  mixed  circulate  to  a  common 
fraction. 

1.  Reduce  .318  to  a  common  fraction. 


Solution  1st. — .318  =  ^^^7  of  3.18,  which  by 
the  preceding  case  equals  -j^  of  3if,  or  ^  of 
3^Y,  which  equals  ^-f^f  and  tliis  reduced  to  its 
lowest  terms  equals  ^. 


OPERATION. 

.318-  — 


OPERATION 

F  =  . 3181818  etc. 
IGF  =  3.181818  etc 
1000  F  =  318.1818  etc 
990  F  =  316 

F=iii=^,  Ans. 


Solution  2d. — Let  F  represent  the 
common  fraction,  then  we  shall  have 
F  =  . 31818  etc;  multiplying  by  10 
to  make  a  whole  number  of  the  non- 
repeating part,  we  have  10  times  the 
fraction  equals  3.1818  etc;  multiply- 
ing this  by  100  to  make  a  whole  num- 
ber of   the  repeating    part,   we    have 

1000   F  =  318.1818  etc.;   subtracting   10  F  from  1000   F,  we  have 
990  F  =  315 ;  hence  F  =  f  i  J  =  ^V 

Rule  1. —  Write  beneath  the  repetend  as  many  9*8  as  there 
are  places  in  the  repetend f  annex  this  to  the  finite  party  and 
divide  the  result  by  1  with  as  many  ciphers  annexed  as 
there  are  places  in  the  finite  part. 

Rule  II. — Subtract  the  finite  part  from  the  whole  drcu- 
lalCf  and  write  under  the  remainder  as  many  9*s  as  there 
are  figures  in  the  repetend,  with  as  many  ciphers  annexed 
as  there  are  places  in  the  finite  part,  and  reduce  the  result- 
ing fraction  to  its  lowest  terms. 

.  * 

2.  Reduce  .772  to  a  common  fraction. 


Solution. — Subtract  7,  the  finite  part,  from  .772, 
and  we  have  .765;    dividing  by  two  9's  with  one 
cipher  annexed,  we  have  Jf  J,  which,  reduced  to  its 
lowest  terms,  equals  J|. 


OPERATION. 

.772 
7 


BBDUOTION    OP    CIRCULATES  146 

Reduce  the  following  circulates  to  common  fractious : 


S.  .954.  Am.  f^. 

4.  .527.  Ana.  ^. 

5.  .405.  Ana.  ^. 

6.  .945.  Ans.  ff. 

7.  4.8i.  An8.i^. 

8.  .7954.  Ans.  ff. 

9.  .6590.  Ans.  J|. 

10.  28.5714.  ^n8.28f 

11.  4857142.  Ans.:^. 


12.  4.006.  Ans.  4^ 

18.  5.06f.  Ans.  5y^. 

14.  .04573170.  Ans.  ■^. 

16.  .82142857.  Ans.  ^. 

16.  .910714285.  Ans.  ||. 

17.  .96604938271.  Ans.  f^. 

18.  3.4^;  2.0^  Jn«.  3^;  2^ 

19.  .6^6^;  2.6^6^.  Ans.^;  2jIj 

20.  .Oii^;  .OiOf  ^/w.  ^;  tJI^ 


CASE   IV. 

321*  To  reduce  dissimilar  repetends  to  similar  oties, 

322*  To  solve  this  case  we  need  to  remember  the  fol- 
lowing principles : 


1.  Any  terminate  decimal  may  be  considered  interminatCf 
Us  repetend  being  ciphers.     Thus,  .45=.  450  or  .45000,  etc.* 

2.  A  simple  repetend  may  be  made  compound  by  repeat- 

•  •  •  •  • 

ing  the  repealling  figure.     Thus,  .3=. 33=. 3333,  etc. 

3.  A  compound  repetend  may  be  enlarged  by  mx)ving  the 
right  hand  dot  towards  the  right  over  an  exaxit  number  of 
periods.     Thus,  .245=.  24545,  etc. 

4.  Both  dots  of  a  repetend  may  be  moved  the  same  num- 
ber of  places  to  the  right  without  changing  its  value.     Thus, 

•    .  .    .  .    • 

.5378 =.53783,  or  .537837,  etc.,  for  each  expression  devel- 
oped will  give  the  same  result. 

5.  Dissimilar  repetends  may  be  made  cooriginous  by 
moving  both  dots  of  the  repetend  to  the  right  until  they  all 
begin  at  the  same  place. 

6.  Dissimilar  repetends  may  be  made  conterminous  by 
moving  the  right  hand  dots  of  each  repetend  over  an  exact 
number  of  periods  of  each  repetend  until  they  end  at  tfie 
same  plaice. 


146  NORMAL     HIGHER     ARITHMETIC. 

I.  Make  .45,  .4362  and  .813694  similar. 

Solution. — ^To  make  these  repe-  operation. 

tends  similar  they  must  be  made  to  ;,: AKAKAjiAjiAKAKAk 

begm  and  end  at  the  same  place.    To  .    .  ~  .^o^o*040«>40W 

do  this  we  first  move  the  left  hand  .4362  =.43623623623623 

dots  so  that  the  repetends  besin  at        .813694 =.81369436943694 
the  same  place  (Prin.  5),  and  then 

move  the  right  hand  dots  over  an  exact  number  of  |)eriods  so  that  they 
will  end  at  the  same  place.  Now  the  number  of  places  in  the  periocfs 
are  respectively  2,  3,  and  4 ;  hence  the  number  of  places  in  the  new 
periods  must  oe  a  common  multiple  of  2,  3,  and  4,  which  is  12 ;  we 
therefore  move  the  right  hand  dot  so  that  each  repetend  shall  contain 
12  places. 

Rule. — I.  Expand  the  repetends ^  and  move  the  left  hand 
dots  toward  the  righi  so  that  they  all  begin  at  the  same 
place. 

II.  Move  the  right  hand  dots  so  thai  the  number  of  terms 
in  each  period  shall  he  the  least  common  multiple  of  the 
number  of  terms  in  the  given  periods, 

*  2.  Make  25.3,  .375,  and  .473  similar. 

3.  Make  4.632,  .325,  and  43.32  similar. 

4.  Make  6.324,  3.34,  .6532,  and  ll.oi  similar. 

5.  Make  .327,  .435,  3.7642,  and  6.789  similar. 
(S.  Make  46.326,  46.326,  and  46.326  similar. 

7.  Make  io.i,  20.12,  3401.0i,  and  .07  similar. 

8.  Make  .64,  4.32,  44.53,  and  3.25  similar. 

9.  Make  .6^6^,  2.0^0{,  345.3,  and  .00043  similar. 

ADDITION   OF   CIRCULATES. 

323.  Addition  of  Circulates  is  the  process  of  finding 
the  sum  of  two  or  more  circulates. 

1.  Find  the  sum  of  3.24,  .685,  and  4.32. 

Solution. — Since   only  similar    fractional  operation. 

anits  can  be  added,  the  repetends  must  first  be  •  • o€%Ae>AOA^ 

made  similar.    Having  done  this,  we  add  as  ^'f: — 3.2424242 

in  finite  decimals,  observing  to  add  1  to  the  .685=  .6858585 

right  hand  column,  since  this  would  be  neces-  4.32=4.3243243 

sary  if  the  repetends  were  expanded,  and  we  *         -^— : r 

have  for  the  sum  8.2526071.  8.2526071 
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Rule. — I.  Make  the  repetends  similar  if  they  are  not  so. 

II.  Add  as  in  finite  decimals,  increasing  (he  right  hand 
term  by  the  amount  which  would  he  added  to  it  if  the  circur 
tales  were  expanded^  and  make  a  repetend  in  the  sum  similar 
to  those  above, 

2.  Add  2.34,  3.01,    .756,    6.05.  ^n«.  12.1595140. 

8.  Add  72.43,  2.012,  65.i3,  18.576.         Ans.  158.1536. 

4.  Add   18.96,  5.73,  17.67i,  4.i9,      Ans,  46.55692419. 

5.  Add    8.29304,  .47,  7.005,  3.9236.  Ans.  19.6. 

6.  Add  5.0549367,  1.53,  8.0763,  4.5.  Ans.  19.2. 

7.  Add  .3467,  .0543,  .08,  .065,  .4.  Ans.  1. 

8.  Add  63.45,   14.572,  8.1243715,  2.7354.        Ans,  88.8. 

SUBTRACTION  OF  CIRCULATES. 

824.  Subtraction  of  Circulates  is  the  process  of  find- 
ing the  difference  between  two  circulates. 

1.  From  6.04  take  2.057. 

Solution. — Having    made    the    repetends  operation. 

sunilar,  we  subtract  as  m  finite  decimals,  ob-  •    •         nAa(\AR(\ 

serving  to  diminish  the  right  hand  term  by  6.04  sz=  6.0460460 

unity,  since  this  would  be  necessary  if  the  cir-  2.057^  2.0576767 
cuhite  were  expanded,  and  we  have  3.9884702.  8.9884702 

Rule. — I.  Make  the  repetends  similar  if  they  are  not  so. 

II.  Subtract  as  in  finite  decimals,  diminishing  the  right 
hand  term  of  the  remainder  by  1,  when  it  would  be  neces- 
sary if  the  circulates  were  expanded,  and  make  a  repetend 
in  the  result  similar  to  those  above, 

2.  Subtract  5.62  from  20.5478.  Ans.  14.92. 
8.  Subtract  4.2296  from  12.37.  Ans.  8.14. 

4.  Subtract  7i.3  from  74.325.  Ans.  3.012 

5.  Subtract  .296  from  |.  Ans.  .592. 

6.  Subtract  .437465  from  ||^.  Ans.  .548. 

7.  Subtract  1.7836290  from  10.0563.  Ans.  8.27. 

8.  Subtract  79.3650  from  88.531U^0.  Au%.^X^. 
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MULTIPLICATION   OF   CIRCULATES. 
335.  Multiplication  of  Circulates  is  the  process  of 

finding  a  product  when  one  or  both  terms  are  circulates. 
1.  Multiply  .2^6  by  4.63. 

Solution.— 4.63  eijuals  4.6 J.  Multiplying  by  .6 
and  carrying  to  the  right  hand  term  as  much  as 
would  be  necessary  if  the  repetend  were  continued, 

we  have  .15278;  multiplying  by  4  in  the  same  man- 

ner,  we  have  1.0185 ;    multiplying   by  .OJ  we  have 

.008488215 ;  making  these  partial  products  similar, 

and  adding,  we  have  1.17986195i 


OPERATION. 

.2546 
4.6i 

.152787878 

1.018585858 

.008488216 


1.179861952 

Rule. — I.  If  the  multiplier  contains  a  repetend,  reduce  it 
to  a  common  fraction. 

II.  Multiply  as  in  finite  decimals,  adding  to  the  right  hand 
term  of  each  partial  product  the  amount  necessary  if  the 
repetend  were  expanded. 

III.  Make  the  partial  products  similar  and  find  their 

Find  the  value  of 

2.  8.25  X  4.839.  Ans.  39.964. 

3.  .962380  X  .763.  Ans.  0.72. 

4.  16.204  X  32.75.  Ans.  530.810446. 
6.  6.217  X  1.53.  Ans.  9.5330663997. 

6.  4.923076  x.48i.  ^ns.  2.370. 

7.  8.594  X  6.290.  Ans.  54.0678132. 

8.  .9625668449197860  x  .75.  Ans.  .72. 


DIVISION   OF   CIRCULATES. 

326.  Division  of  Circulates  is  the  process  of  finding  « 
quotient  when  one  or  both  terms  are  circulates. 

1.  Divide   .95698  by  .376. 

Solution. — If  we  make  the  repetends 
similar  and  subtract  the  finite  part  of  each 
repetend  from  the  whole  repetend,  the  re- 
mainders will  be  numerators  of  fractions 

having  a  common  denominator.  Art.  320.  

J^rUVing  the  one  by  the  other,  we  have  2.54.  2014  etc. 


OPERATION. 

.37676  .95698 
376   956 

37300)  94742(2.54 
746 
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Rule. — Make  the  repetends  similar ,  subtract  the  finite  part 
from  the  entire  repetend^  omit  the  dots,  and  use  the  results 
for  the  dividend  and  divisor, 

NoTB. — ^When  the  divisor  is  not  a  circnlate  divide  as  in  finite  decimaUi 
bringing  down  the  figures  of  the  repetend  instead  of  ciphers. 


Find  the  value  of 

2.  .0929  -i-.36. 

3.  39.964  -r-  4.839. 

4.  4.966-T-.75. 

5.  3.97348-T-.2083. 

6.  7.il4285-5-.952386. 

7.  54.0678132  H-8.594. 

8.  Divide  .72  by  .75. 


Ans.  .25. 

Ans,  8.25. 

Ans.  6.6087542. 

Ans.  ig-Oti 

Ans.  8.1. 

Ans.  6.290. 

Ans.  .9625668449197860. 


GREATEST  COMMON  DIVISOR  OF  DECIMALS. 
327.  The  Greatest  Common  Divisor  of  two  or  more 

decimals,  either  finite  or  infinite,  is  the  greatest  decimal  that 
will  exactly  divide  them. 

1.  Find  the  greatest  common  divisor  of  .375  and  .423. 

OPERATION. 

•  •  •  . 

Solution. — We  make  the  two  cir- 
culates similar,  and  subtract  the  fi- 
nite port,  which  reduces  them  to 
fractions  having  a  common  denomi- 
nator. (Art.  320.)  We  then  find 
the  greatest  common  divisor  of  their 
numerators,  1638,  which  is  the  nu- 
merator of  the  G.  C.  D.,  the  denomi- 
nator being  of  the  same  denomina- 
tion as  the   original  dividend   and 

divi3or;he„cetheG.C.D.is.0601638.     ,^,^^^. 0001638,  G.  C.  D. 

Rule. — Reduce  the  decimals  to  a  common  denominator, 

find  the  O.  G.  D.  of  their  numerators,  write  the  result  over 

the  common  denominator,  and  reduce  the  resulting  fraction 

to  a  decimal. 

Note. — The  G.  C.  D.  can  be  found  by  reducing  the  decimals  to  commoD 
fractions,  and  applying:  the  rule  given  in  Art.  255,  but  the  process  here  firlvec 
Is  generally  less  tedious  and  more  direct. 


.3757675 
3 

.4234234 
4 

3767672 

4234230 
3757572 

3813264 

476658 
501228 

56692 

49140 

24570 
26208 

6552 

6552 

1638 

8 
9 

2 
4 

4 
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Find  the  G.  C.  D. 
2.  Of  3.85  and  2.365. 

8.  Of.Si  and  .0216. 

4.  Of  .063492  and  .4476190. 

5.  Of  .41,  .416,  and  .0169. 

6.  Of  .326,  .326,  and  .326. 


Ans.  .055. 

Ana.  .0012. 

Ans,  .0031746. 

Ana.  .0003. 

^718.  .000002. 


LEAST   COMMON   MULTIPLE   OF   DECIMALS. 

328.  The  Least  Common  Multiple  of  two  or  more 
decimals  is  the  least  number  that  will  exactly  contain  each 
of  them. 

1.  Find  the  L.  C.  M.  of  .327,  i.Oli  and  .075. 

OPERATION. 


Solution. — We  reduce  the 
circulates  to  fractions  having 
a  common  denominator,  as  i£ 
the  preyious  case.  The  least 
commoD  multiple  of  these 
numerators  is  275699700, 
which  is  the  numerator  of 
the  L.  C.  M.,  the  denominator 
being  the  common  denomina- 
tor of  the  fractions.  Beduc- 
ing  UL^JIf^,  the  L.  C.  M., 
to  whole  numbers  and  deci- 


3 

4 

25 

101 


.32727 
3 


1.01110 
10 


.07575 
0 


32724 

101100 

07575 

10908 

33700 

2525 

2727 

8425 

2525 

2727 

337 

101 

mals,  we  have  2757.2,  the  L. 
C.  M.    Hence  the 


27  337  1 

3X  4X  25X 101 X  27  X  337  =  275699700 
^«*tt^=  2757.2727,  L.  C.  M. 
=  2757.2 

Rule. — Reduce  the  decimals  to  a  common  denominator, 
find  the  L.  G.  M,  of  their  numerators^  write  the  result  over 
the  common  denominator ,  and  reduce  the  resulting  fraction 
to  a  decimal. 

Note. — The  L.  CM.  may  be  found  by  reducing  the  decimals  to  ccm- 
mon  fractions  and  applying  the  rule  given  in  Art.  256;  but  the  procesf 
here  given  is  often  more  direct. 


Find  the  L.  C.  M. 
«-  Of  42.123  and  45.6. 


Ml* 


3.  .6,  .545,  and  .787. 

4.  Of  8.4,  5.27  and  16.185. 

0.  Of  .6857142,  1.44,  .3,  and  .35. 

6.  Of  6.6,  7.46,  9.35,  and  10.054. 


Ans,  33698.4. 

Ans.  78. 

Ans.  971.1. 

Ans,  100.8. 

Ans,  992745. B. 


PBINCIPLflS    OF    CIRCULATES.  151 


829.  These  Principles  of  Circiilates  will  be  foand  to 
embrace  some  interestmg  and  practical  properties. 

1.  A  common  fraction  whose  denominator  contains  no 
other  prime  factors  thQ,n  2  and  5,  can  he  redvxsed  to  a  simr 
pie  decimal. 

Since  2  and  5  are  factors  of  10,  if  we  annex  as  many  ciphers  to  the 
numerator  as  there  are  2's  or  5's  in  the  denominator,  the  numerator  will 
then  be  exactly  divisible  by  the  denominator.    Therefore,  etc 

2.  Ilie  number  of  places  in  the  simple  decimxil  to  which  a 
common  fraction  may  he  reduced  is  equal  to  the  greatest 
number  of  2'«  or  5'«  in  the  denominator. 

For,  to  make  the  numerator  contain  the  denominator  we  must  annex 
a  cipher  for  eyery  2  or  5  in  the  denominator,  and  the  number  of  places 
in  the  quotient,  which  is  the  decimal,  will  equal  the  number  of  ciphers 
annexed.    Therefore,  etc 

3.  Every  comrnon  fraction,  in  its  lowest  terms,  whose  de- 
nominator contains  other  prime  factors  than  2  or  5,  will 
give  an  inlerminate  decimal. 

For,  since  2  and  5  are  the  only  factors  of  10,  if  the  denominator  con- 
tains other  prime  factors,  the  numerator  with  ciphers  annexed  will  nol 
exactly  contain  the  denominator,  hence  the  division  will  not  terminate 
and  the  result  will  be  an  interminate  decimal.    Therefore,  etc. 

4.  Every  common  fraction  which  does  not  give  a  simple 
decimal  gives  a  circulate. 

In  reducing  there  cannot  be  more  different  remainders  than  there  are 
unitB  in  the  denominator;  hence  if  the  division  be  continued,  a  remain- 
der must  occur  which  has  already  been  used,  and  hence  we  shall  have  a 
series  of  remainders  and  dividends  like  those  already  used,  therefore  ihe 
terms  of  the  quotient  will  be  repeated. 

6.  A  common  fraction  whose  denominator  contains  2's  or 
6's  with  other  prime  factors  will  give  a  mixed  circulate, 
and  the  number  of  plax^es  in  the  non-repeating  part  will 
equal  the  greatest  number  of  2's  or  5*s  in  the  denominator. 

This  principle  is  evident  from  Prins.  2  and  4,  and  may  be  illustrated 

•s  follows :  Tiir  =  tt^ — ^ — ^ = Ki — ? — ^ — t;^ = ;r-rr7^  =  •  V     which 
^*"       2*X5X7      2^X5X7X100      7x100 

will  evidently  give  a  mixed  repetend,  the  repeating  part  beginning  at 
the  third  decimal  place. 

6.    The  number  of  figures  in  a  repetend  cannot  exceed  the 

number  of  units  in  the  denominator  o/  ike  cotatwou  jTa^:\.\ttt^> 

wAzcA  produces  it,  less  one. 
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In  reducing  a  common  fraction  to  a  decimal,  when  the  number  of 
liociinal  places  equals  the  number  of  units  in  the  denominator  less  one, 
all  the  possible  diiferent  remainders  will  have  been  used,  and  hence  the 
dividends,  and  therefore  the  quotients  which  constitute  the  circulate, 
will  begin  to  ivpeat  at  this  point,  if  not  before. 

7.  When  the  reciprocal  of  any  'prime  number  is  reduced 
U,  a  repetendf  the  remainder  which  occurs  at  the  close  of 
the  period  is  I, 

For,  since  the  reduction  of  the  fraction  to  a  circulate  commenced  witli 
h  dividend  of  1  with  ciphers  annexed,  that  tlie  quotients  may  reueat  we 
must  begin  at  the  close  of  the  period  with  the  same  dividend,  ana  there- 
fore the  remainder  at  the  close  of  the  period  must  be  1. 

8.  The  number  of  places  in  a  repetend  is  always  equal  to 
the  prim£  denominator  of  the  common  fraction  producing  it, 
less  one,  or  to  some  factor  of  this  number. 

For,  the  repetend  must  end  when  it  reaches  the  point  where  it  has  as 
many  places  less  1  as  there  are  units  in  the  denommator  of  the  produc- 
ing fraction  ;  hence  if  it  ends  before  this,  the  number  of  places  must  be 
an  exact  part  of  the  denominator  less  1,  that  it  may  end  when  it  has  as 
many  places  as  the  denominator  less  1. 

9.  When  the  reciprocal  of  any  pHme  number  is  reduced 
to  a  repetend,  the  remainder  which  occurs  when  the  number 
of  decimal  places  is  one  less  than  the  prims  is  1. 

For,  since  the  number  of  decimal  places  in  the  period  equals  the  de- 
nominator less  1,  or  is  a  factor  of  the  denominator  less  1,  at  the  close  of 
a  period  consisting  of  as  many  places  as  the  denominator  less  1,  there 
will  be  an  exact  number  of  repeating  periods,  and  therefore  the  remain- 
der will  be  1. 

10.  ^  number  consisting  of  as  many  9's  as  there  are 
units  in  any  prime  except  2  and  5,  less  I,  is  divisible  by  that 
prime. 

For,  if  we  divide  1  with  ciphers  annexed  by  a  prime,  after  a  number 
of  places  1  less  than  the  prime  the  remainder  is  1 ;  hence  1  with  the 
same  nimiber  of  ciphers  annexed  minus  1,  would  be  exactly  divisiblf^  by 
the  prime,  but  this  number  will  be  a  series  of  9's ;  therefore,  etc.  Thus, 
999999  is  divisible  by  7. 

11.  A  number  consisting  of  as  many  Vs  as  there  are 
units  in  any  prime  (except  3),  less  1,  is  divisible  by  that 
prime. 

For,  since  the  prime  is  a  divisor  of  a  series  of  9's,  Prin.  10,  which 
is  equal  to  9  times  a  series  of  I's,  and  9  and  the  prime  are  relatively 
prime,  it  must  be  a  divisor  of  a  series  of  I's.  Thus,  111111  is  divisible 
V  7/  1111111111  is  divisible  by  11. 
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12.  ^  nwfiber  consisting  of  any  digit  used  as  many  limes 

as  there  are  units  in  a  prime  (except  3),  less  1,  is  divisible 

by  that  prime. 

For,  since  such  a  series  of  I's  is  divisible  by  the  prime,  any  number  of 
times  such  a  series  will  be  divisible  by  the  prime.  Hence  222222, 333333, 
444444,  etc.,  are  divisible  by  7. 

13.  The  same  perfect  repetend  vrill  express  the  values  oj 
all  proper  fractions  having  the  same  prime  denominator^  by 
starting  at  different  places. 

Thus,  i  =  .14285714285  etc.    But  f  =  .If,  hence  the  part  that  follows 

a  . 

1  in  the  repetend  of  |  is  the  repetend  of  f,  that  is,  f =.428571.  Again, 
1=  .14^,  hence  the  part  that  follows  .14  in  the  repetend  of  |  is  the  repe- 
tend of  f ,  that  is,  f  =.285714.  In  a  similar  manner  we  find  f  =  .857142, 
f  =  .571428 ;  and  the  same  thing  we  see  is  generally  true. 

14.  In  reducing  the  reciprocal  of  a  prime  to  a  decimal^ 
if  we  obtain  a  remainder  1  less  than  the  prime,  we  have  one- 
half  of  the  period,  and  the  remaining  half  can  be  found  by 
subtracting  the  terms  of  the  fir  st  half  respectively  from  9. 

Take  \,  and  let  us  suppose,  in  decimating,  we  have  reached  a  remain- 
der of  6  ;  now  what  follows  will  be  the  repetend  of  ^,  and  the  repetend 
of  J  added  to  the  repetend  of  |  must  equal  1,  since  f  -j-  ^  =  1 ;  hence  the 
sum  of  these  two  repetends  must  equal  .999999  etc.  (since  .999  etc.  = 
1).  Now  in  adding  the  terms  of  these  two  repetends  together,  that  the 
aim  may  be  a  series  of  9*8,  there  must  be  just  as  many  places  before  the 
point  where  6  occurred  as  a  remainder  as  after,  hence  6  occurred  as  a 
remainder  when  we  were  half  through  the  series. 

Again,  since  the  sum  of  the  terms  of  the  latter  and  the  former  half  of  the 
repetend  equals  a  series  of  9's,  each  term  of  the  first  half  of  the  repetend 
subtracted  from  9  will  give  the  corresponding  term  of  the  latter  half 
of  the  series. 

Notes. — 1.  All  perfect  repetends  possess  this  property,  and  a  large  num- 
ber of  those  which  are  not  perfect.  Kepetends  possessing  this  property 
are  called  complementary  repetends. 

2.  The  last  two  properties  are  of  great  practical  value  in  reducing  com- 
mon fractions  to  repetends. 

COMPLEMENTARY  REPETENDS. 

330.  Complementary  Repetends  are  those  in  which 

the  terms  of  the  first  half  of  the  period  are  respectively  equal 
to  9  minus  the  corresponding  terms  of  the  second  half  of  the 
period. 

331.  Complementary  Repetends  include  all  perfect 
repetends,  and  many  that  are  not  p^t^^viX,.    'Wi'fe  l<^'^^\\\'^ 
curious  properties  illustrate  tbe  pT\i\c\\!\es»  \vtCi'e»eiXi\fc<i \ 
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1.  If  the  last  half  of  the  terms  of  a  perfect  repetend  are 
written  in  order  under  the  first  half  and  added  to  the  terms 
in  the  first  half  the  sum  will  be  a  succession  of  9'«. 

Thus,  the  fraction  ^  =  .652631578947368421,  and  this  repetend  writ 
ten  and  added  as  suggested,  will  give 

052631578 
947368421 

999999999 

2.  If  the  remainders  obtained  in  reducing  the  commoh 
fraction  to  a  repetend  are  written  m  the  same  way^  ana 
added,  each  sum  will  be  the  denominator  of  the  common 
fraction. 

Thus,  the  remainders  in  reducing  -j^  are 

10,    5,  12,    6,    3,  11,  15,  17,  18 
9,  14,    7,  13,  16,    8,    4,    2,    1       which,    added. 

give  19,  19,  19,  19,  19,  19,  19,  19,  19 

3.  If  we  subtract  the  unit  term  of  the  denominator  of  thn 
common  fraction  from  10  and  multiply  any  term  of  the 
repetend  by  the  remainder,  the  unit  term  of  the  product 
will  be  the  unit  term  of  the  corresponding  remainder. 

Thus,  in  ^^  =.0,  5,  2,  6,  3,  1,  5,  etc.,  terms  of  repetend. 
10  —  9  =  1 


0,  5,  2,  6,  3,  1,  5,  etc.,  unit  terms  of  product  and  re- 
mainders. 

4.  A  complementary  repetend,  by  beginning  at  different 
points,  will  be  the  repetend  of  all  proper  fractions  having 
the  same  denominator  as  the  fraction  which  produced  it. 

Thus,  I J  =  .52631  etc,  which  begins  with  the  2d  figure  of  the  circu- 
late equal  to  ^^.  Again,  3^7=  .263157  etc.,  which  begins  with  the  3d 
figure  of  the  circulate  equal  to  -j^,  etc. 

6.  The  numerator  of  the  fraction  equal  to  any  one  of  the 
several  repetends  beginning  with  the  successive  terms  of  a 
complementary  repetend,  is  the  remainder  left  when  the  pre- 
ceding term  of  the  repetend  was  obtained. 

Thus,  in  reducing  ^  to  a  circulate,  when  the  first  5  of  the  circulates 
was  obtained,  5  was  the  remainder,  and  5  is  the  numerator  of  the  frac- 
tion equal  to  the  circulate  .26315  etc. 

Which  of  the  following  give  complementary  repetends  ? 

Note.- -For  a  fuller  discussion  of  circulates  see  the  author's  Philosophy 
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CONTINUED    FRACTIONS. 

833«  A  Continued  Fraction  is  a  fraction  whose  aume- 
rator  is  1,  and  denominator  an  integer  plus  a  fraction  whose 
namerator  is  also  1  and  denominator  an  integer  plus  a  simi* 
lar  fraction,  and  so  on. 

Thus,  ^Vs  =iTX_ 

888*  Several  recent  authors,   for  convenience,  write  a 
continued  traction  with  the  sign  of  addition  between  the  de- 
nominators;  thus,    —  —  —  — . 
'  2+3+4+6 

884.  There  are  Two  Cases:  1st.  To  reduce  a  common 
fraction  to  a  continued  fraction  ;  2d.  To  reduce  a  continued 
fraction  to  a  common  fraction. 

NoTB. — Gontiiiaed  fractions  were  proposed  about  the  year  1670,  by  Lord 
Brouncker,  President  of  the  Royal  Society. 

CASB   L 

885*  To  reduce  a  common  fraction  to  a  continued 
fraction. 

]•  Reduce  ^^  to  a  continued  fraction. 

Solution. — Dividing  botli  numerator  and  operation. 

denominator  by  68,  we  have  1  divided  by  2+  aj  i 

f|.    Dividlfag  the  terms  of  JJ  by  21,  we  have        ^^      MlJ 
1  divided  by  3+^^.    Dividmg  again  by  5,  we        t^UU  =  irr 
have  1  divided  by  4+ J,  which  completes  the        "^      '+i  i  jt 
reduction,  as  the  numerator  of  the  last  fraction  •ft 

is  unity.    The  terms  J,  },  J,  etc.,  are  called  the        i?/7=  ixi___ 
first,  second,  thirdj  etc.,  partial  fractions.     It  *+JxT 

will  be  seen  that  the  same  result  may  be  ob-  ""* 

tained  by  dividing  as  in  finding  the  greatest  common  divisor,  and  takmg 
the  reciprocals  of  the  several  quotients  for  the  partial  fractions.  Hence 
we  derive  the  following 

Rule. — Find  the  greatest  common  divisor  of  the  terms  of 
the  given  fraction ;  the  reciprocals  of  the  successive  quo- 
tients will  he  the  partial  fractions  which  constitute  the  con- 
tinued fraction  required. 


2.  Reduce  3^^  to 


a  continued  fraction.      Ans,  \-rr 
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3.  Reduce  ^fff^  to  a  continued  fraction. 


^'*«- t+j 


4.  Reduce  l\lll  to  a  continued  fraction. 

Ana.  ^ 


CASE  n. 

330«  To  reduce  a  continued  fraction  to  a  cominon 
frtiction* 

1.  Reduce  V-q  to  a  common  fraction. 

Solution  1st.-— Beducing  the  complex  fraction  operation. 

formed  by  the  last  two  partial  fractions  to  a  sim-  i 

pie  fraction,  we  have  f.    Taking  this  result,  and  M-J  =  4 

the  preceding  partial  fraction  together,  and   reduc-  ixi  ^  JL 

ing,  we  have  ^.    Writing  this  with  the  preceding  i_        " 

partial  fraction,  and  reducing,   we  have  J{,  the  '+A  =  Jfi-^tii. 
value  of  the  fraction. 

Solution  2d.— Ai)prozimate  values  may  be  obtained  bv  beginning  at 
the  first  partial  fraction  and  reducing  respectively  two,  three,  or  more, 
of  the  partial  fractions  to  simple  fractions.  Thus,  the  first  approximate 
value  IS  i ;  the  second  is  J-tt,  or  J;  the  third  is  J-r-r  ,  or  | ;  the  true 
value  is  JJ.  "*"*  /*=R 

By  exhibitNng  the  second  method  in  an  analytic  form,  a  law  may  be 
disco vered  which  gives  us  a  simple  and  practical  rule  for  the  reduction. 

2.  Find  the  approximate  values  of  the  continued  fractioD 

Solution. — The  work  may  be  written  as  follows : 

)  =  J,  1st  approx.  val. 

3 

1 

JjLl  —  =  2+5 ^         3x5+1 3x5+1^  „      „ 

+i  3x5+1       (3x2+l)x5+2     7x5+2    "' 

*+I^ ' 


3X(5+i)+l  37X4+7    ^"' 
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We  take  \f  the  first  term  of  the  continued  fraction,  for  the  Ist 
approximate  yalue.  Reducing  the  first  two  partial  fractions,  we  haye  f 
for  the  2d  approximate  yalue.  Continuing  the  reduction,  we  obtain  |f 
and  ^f^  for  the  remaining  yalues.  Examining  the  last  two  reductions, 
we  find  that  the  3d  approximate  fraction  is  obtained  by  multiplying  the 
terms  of  the  2d  approximate  fraction  bv  the  denominator  of  the  3d 
partial  fraction,  and  adding  to  these  products  the  corresponding  terms 
of  the  first  approximate  fraction.  We  see  also  that  the  4th  approxi- 
mate yalue  is  equal  to  the  product  of  the  terms  of  the  third  approxi- 
mate yalue  by  the  denominator  of  the  4th  partial  fraction,  plus  the 
corresponding  terms  of  the  2d  approximate  fraction.  The  yalue 
obtained  by  using  the  last  partial  muition  is  the  exact  yalue  of  the 
fraction.    Hence  we  deriye  the  following 

Rule. — I.  For  the  first  approximate  value ^  take  the  first 
partial  fraction. 

II.  For  the  second  value,  reduce  the  complex  fraction 
formed  by  the  first  two  partial  fractions, 

III.  For  each  succeeding  approximate  value^  multiply 
both  terms  of  the  approximation  last  obtained  by  the  denom- 
inator of  the  following  partial  fraction,  and  add  to  the 
products  the  corresponding  t^rms  of  the  preceding  approx- 
imation. 

lY.  The  last  value  thus  obtained  will  be-  the  common 
fraction  required, 

S.  Reduce  the  continued  fraction  -j^  .  ,  to  a  common 

fraction.  ^+7jrT 

Ans.-^^.  • 


4.  Reduce  the  continued  fraction  ^  ,  ^ to  a  common 

action.  +i  i  i 

Ans.  ^^. 

5.  Find  the  approximate  values  of  -jVxi. 

*9. 


Ans,  -jij-,  Y^,  •^,  -fi^. 
6.  Find  the  approximate  values  of  the  fraction  ^^. 

NoTis. — For  a  fuller  discussion  of  the  subject  see  Brooks*t  PhUotaphy  of 
Arithmetic, 
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SECTION     VI. 
DENOMINATE     NUMBEES. 

887«  A  Denominate  Number  is  a  concrete  number  in 
vrhicb  the  unit  is  a  measure  ;  as,  3  feet,  4  pounds,  etc. 

88S.  A  Measure  is  a  unit  by  which  quantity  of  mag' 
nitude  or  continuous  quantity  is  estimated  numerically ;  as, 
a  yard,  a  pound,  etc. 

880.  A  Compound  Number  is  a  number  which  ex- 
presses several  different  units  of  the  same  kind  of  quantity ; 
as,  4  yd.  8  fL  6  in. 

840.  The  Terms  of  a  compound  number  are  the  numbers 
of  its  different  units.  Thus,  in  £12  10  s.  8d,  the  terms  are 
£12,  and  16  s.,  and  8d. 

841.  Similar  Compound  Numbers  are  compound 
numbers  which  express  the  same  kind  of  quantity. 

842«  Denominate  Numbers  may  be  embraced  under 
four  distinct  classes :    Value,  Weight,  Extension,  and  Time. 

848.  Some  of  these  classes  contain  several  subdivisions 
of  so  much  importance  that  the  following  is  regarded  as  the 
most  convenient  classification : 

1.  Value.  6.  Volume. 

2.  Weight.  6.  Capacity. 

3.  Length.  7.  Time. 

4.  Surface.  8.  Angles. 


Origin. — There  are  two  kinds  of  quantity;  quantity  of  multitude  and 
quantity  of  magnittide.  Quantity  of  multitude  exists  in  individual 
things,  and  is  immediately  expressed  in  numbers.    Quantity  of  magni- 


tude is  a  mass,  and  can  only  be  expressed  numerically  by  fixing  upon  a 
unit  of  mMisure  and  finding  how  many  times  the  quantity  considered  con- 
tains the  unit  of  measure.  Those  who  prefer  may  use  the  terms  discrete 
and  continv/ms,  for  multitude  and  mxjugnitude, 

844.  A  Denominate  Number  may  also  be  defined  to 
be  a  numerical  expression  of  quantity  of  magnitude,  or  of 
continuous  quantity. 
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MEASURES  OF  VALUE. 

84S.  The  Value  of  anything  is  its  worth,  or  that  pro- 
perty which  makes  it  useful  or  estimable. 

846«  Value  depends  principally  upon  utility  and  diffi- 
culty of  attainment.  Value  is  usually  estimated  in  some- 
thing called  Money. 

847*  Money  is  the  measure  or  representative  of  the 
value  of  things.     It  is  of  two  kinds,  coin  and  paper  money. 

848«  Coin,  or  Specie,  is  metal  prepared  and  authorized 
by  government  to  be  used  as  money.  The  metals  generally 
used  are  gold,  stiver,  copper,  and  nickel. 

840.  Paper  Money  consists  of  printed  promises  to  pay 
the  bearer  a  certain  amount,  duly  authorized  to  circulate  as 
money. 

850«  Currency  (from  curro,  I  run,)  is  that  which  cir- 
culates as  money.  It  is  of  two  kinds,  specie  currency  and 
paper  currency. 

351.  Legal  Tender  is  a  term  applied  to  money  which 
is  required  by  law  to  be  accepted  in  payment  of  debts. 

8S2.  An  Alloy  is  a  liaser  metal  compounded  with  either 
gold  or  silver  for  the  purpose  of  rendering  it  harder  and 
more  durable.  In  coinage  the  alloy  is  considered  as  having 
no  value. 

UNITED    STATES    MONEY. 

358.  United  States  Money  is  the  legal  currency  of  the 
United  States. 


10  mills  (m.) 

.10  cents    . 

10  dimes  . 

10  dollars 

Scale. — Ascending  and  descending  uniform  by  10. 

X.  Name. — United  States  money  is  so  called  because  it  is  the  money  of 
the  United  States.  It  is  called  Federal  Money  because  it  was  the  motie? 
of  the  Federal  Union.    It  was  adopted  by  Act  of  Congress,  Aug.  8^  USiL 


TABLE. 

equal  1  cent    . 

ct. 

**     1  dime   . 

d. 

"     1  dollar  . 

$. 

''     1  eagle  . 

E. 
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• 

n.  Terms. — The  term  dollar  is  from  Dale  or  Daleburgy  a  towu  where  It 
was  first  coined  ;  or  thal^  a  dale  or  valley ;  or  from  the  An^lo-Saxon  cUu^^ 
a  portion^  it  being  a  portion  of  a  ducat.  Dime  is  from  the  F*'ench  diame, 
me-aniusr  a  tenth  ;  cent  is  from  the  Latin  centum^  a  hundred  ;  mxLl  is  from  the 
Latin  mille,  a  thoi^sand  ;  eafjle  is  from  the  name  of  the  national  bird.  The 
cent  was  proposed  by  Robert  Morris,  and  named  by  Thomas  Jetfersou. 

IIL  SvMBOLS. — There  are  several  theories  for  the  origin  of  the  dollar 
mark : 

1st.  That  it  is  a  combination  of  U.  S.,  the  initials  of  United  States. 

2d.  That  it  is  a  modification  of  the  figure  8,  the  dollar  being  formerly 
called  a  piece  of  eighty  and  designated  by  the  symbol  1. 

3d.  That  it  is  derived  Irom  a  representation  of  the  "  Pillars  of  Hercules," 
consisting  of  two  pillars  connected  with  a  scroll.  The  old  Spanish  coius 
containing  this  were  called  ^^ pillar  dollars.** 

4th.  That  it  is  a  combination  of  HS.  the  mark  of  the  Roman  money  unit. 

5th.  That  it  is  a  combination  of  P.  and  S.  from  the  Spanish  peso  duroy 
signifying  hard  dollar.  In  Spanish  accounts  peso  is  contracted  by  writing 
the  S  over  the  P,  and  placing  it  aflcr  the  sum. 

IV.  Unit. — The  unit  is  the  gold  dollar.  The  currency  is  founded  upon 
the  decimal  system,  dimes,  cents,  and  mills  being  written  as  decimals.  This 
gives  great  simplicity  to  the  operations. 

V.  Coins. — The  coins  are  of  gold,  stiver,  nickel,  and  bronze.  The  gold 
coins  are  the  double  eagle,  eagle,  half-eagle,  quarter-eagle,  and  one  dollar. 
The  silver  coins  are  the  dollar,  half  dollar,  quarter -dollar,  and  dime.  The 
nickel  coin  is  the  five-cent  piece.  The  bronze  coin  is  the  cent.  The  gold 
three-dollar  piece,  the  silver  twenty-cent  piece,  half-dime,  and  three- 
cent  piece,  the  nickel  three-cent  piece  and  cent,  the  bronze  two-cent 
piece,  and  the  old  copper  cent  and  half-cent,  although  occasionally  seen 
in  circulation,  are  no  longer  coined.  The  mill  has  never  been  a  coin  ; 
it  is  merely  a  convenient  name  for  the  tenth  part  of  a  cent. 

VI.  Composition. — The  gold  and  silver  coins  consist  of  9  parts  of  pure 
metal  and  1  part  alloy.  The  alloy  of  the  silver  coin  consists  of  pure 
copper ;  the  alloy  of  the  gold  consists  of  silver  and  copper,  the  silver  not 
to  exceed  ^  of  the  alloy.  The  nickel  coins  contain  J  nickel  and  f  cop- 
per.    The  bronze  coins  consist  of  95  parts  copper  and  5  parts  tin  and  zinc. 

VII.  Weight. — The  gold  dollar  weighs  25.8  gr.,  and  the  other  gold 
coins  proportionally ;  the  silver  dollar  weighs  412J  gr. ;  the  half-dollar 
weighs  192.9  gr. ;  the  quarter-dollar,  96.45  gr. ;  the  dime,  38.58  gr. ;  the- 
nickel  five-cent  piece,  77.16  gr. ;  the  bronze  cent,  48  gr. 

Vin.  Legal  Tendeb. — Gold  coins  are  a  le^al  tender  for  any  amount ; 
silver  coins,  of  the  present  coinage,  for  any  amount  not  exceeding  $5  in 
any  one  payment ;  bronze  and  nickel  coins  for  any  amount  not  exceeding 
25  cents  in  any  one  payment. 

STATE  CUKKENCIES. 
3S4«  Previous  to  the  establishment  of  the  decimal  cur> 
rency,    we   employed   the   currency   of  England,   that    is, 
pounds,  shillings,  and  pence.     Sone  of  the  States  still  use 
shillings  and  pence,  though  not  with  the  same  values. 

3S»>.  This  difference  of  value  was  caused  by  the  differ- 
ence of  depreciation  of  colonial  currency  in  different  States 
when  the  decimal  system  was  adopted  (1786). 
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Not  b. — In  New  York  currency,  used  in  New  York,  Michigan,  OhiO|  and 
North  Carolina,  $1=8  e.;  hence  1  s.=12^^.  In  Pennsylvania  currency,  used 
in  Peunsylvania,  New  Jersey,  Delaware,  and  Maryland,  $1=76. 6  d.,  and  1  s. 
=13^^.  In  New  England,  Virginia,  Kentucky,  Tennessee,  Texas,  Missis- 
BJff  i,  Indiana,  Illinois,  $1==68.,  and  ls.=16|^.  In  Georgia  and  South  Car 
oLiiia,  $1=4  s.  8d.,  and  ls.=214^. 

ENGLISH,  OK  STERLING  MONEY. 

356.  English,  or  Sterling  Money,  is  the  legal  cur 
•eacy  of  England. 

TABLE. 

4  farthings  (far.  or  qr.)  =  1  penny  .          .      d. 

12  pence             .         .  =1  shilling  .          .       s. 

20  shillings        .        .  =1  pound  or  sovereign,     £ 

2  J  shillings        .         .  =1  guinea  .          .      G. 

£                     s.  d.                     far. 

I         =          20  =         240        =         960 

1  =           12        =           48 

Scale.— Ascending,  4,  12,  20 ;  descending,  20,  12,  4. 

I.  Name. — The  term  Sterling  is  supposed  to  be  derived  from  Easterling, 
he  name  given  to  early  German  traders,  who  came  from  the  east  to  Eng- 
and.  Their  money  was  c^led  Easterling  Money,  which  was  contract^ 
Dto  Sterling  Money. 

II.  Terms. — The  term /aWWn^'  is  a  modification  of  "  four  things,"  the 
lid  English  penny  being  marked  with  a  cross  so  deeply  impressed  that  it 
.oiild  be  broken  into  two  or  four  pieces,  called  respectively  half-penny  and 
'<mr  things.  The  pofind^  as  a  measure  of  value,  was  derived  from  the 
^uud  as  a  measure  of  weight,  240  pence  formerly  weighing  a  pound.  The 
fuinea  is  so  called  because  it  was  first  made  of  gold  brought  from  Guinea. 

III.  Symbols. — The  symbols  £  s.  d.  qr.  are  the  initials  of  the  Latin  words, 
ibraj  solidus,  denarius^  and  quadrans^  signifying  respectively,  pound,  shil- 
Ing,  penny,  and  quarter.  The  old/,  the  original  abbreviation  for  shillings, 
j^as  formerly  written  between  shillings  and  pence.  The  /  has  since  been 
jhanged  into  y ;  thus,  7s.  6d.  are  sometimes  written  T/^. 

IV.  Unit.— The  unit  is  the  pound,  represented  by  the  sovereign  and  £1 
oank  note.    Its  value  by  late  act  of  Congress  is  fixed  at  $4.8665. 

V.  Coins. — The  coins  are  of  three  classes ;  gold,  silver^  and  copper.  The 
gold  coins  are  the  sovereign  (=£1),  and  half  sovereign  (=106.) ,  guinea 
(21  s.),  and  half  guinea  (10  s.  6d.).  The  stiver  coins  a.re  the  crowfi  (=6s.), 
the  half-crown  {=-2  s.  6  d.),  the  jlorin  (^2s.),  the  shilling,  and  the  «iX" 
pen7iy,  four-penny,  and  three-penny  pieces.  The  copper  coins  are  the/,«nwy, 
half -penny,  Siud  fart  hifig. 

The  pound  is  not  a  coin  ;  it  is  represented  by  the  sovereign  and  £1  bank* 
note.  The  guinea  (=216.)  and  half-guinea  (10 s.  6d.)  are  old  gold  coins 
no  longer  coined,  though  some  of  them  are  still  in  circulation.  The  crown 
and  half-crown,  also,  although  still  in  circulation,  are  no  longer  coined. 

VI.  Composition. — The  standard  for  gold  coins  is  22  carats  line,  that  is, 
tl  parts  pure  gold  and  1  part  alloy.  The  standard  for  silver  is  37  part« 
pure  silver  and  3  parts  alloy ;  hence  the  silver  coins  are  |^  pure,  and  ^  cop 
per.     Pence  and  half-pence  are  made  of  pure  copper. 

VII.  Weight.— The  sovereign  weigba  V2a.'2n'^  ^T«A\i«»\^(Xifc^^^^\i^^^^a?^^»^ 
87.27 graiDB  ;  the  penny  weighs  240  pr.,  ^^  \^^«  '^^'^'S  • 
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CANADA  MONEY. 

357.  The  Currency  of  Canada  is  the  same  as  that  o/ 
the  United  States,  the  table  and  denominations  being  the 
same. 

358.  The  decimal  currency  was  adopted  in  1858,  the  Act 
taking  effect  in  1859,  previous  to  which  their  currency  was 
the  same  as  the  English. 

I.  Coins. — The  coins  consist  of  silver  and  copper.  The  sUver  coins  are 
the  f)0-€ent  piece,  the  25-cen<  piece,  the  shilling  or  20-ccn^  piece,  the  dinve,  the 
half -dime.     The  copper  coin  is  the  cent. 

II.  Value. — The  coins  are  nominally  equal  to  the  corresponding  coins 
of  United  States  money,  but  the  intrinsic  value  is  a  little  less.  The  eagle 
of  the  United  States  is  the  legal  tender  for  sums  of  $10  and  upwards. 

ni.  Composition. — The  silver  coins  consist  of  925  parts  silver  and  75 
parts  copper ;  or  37  parts  silver  to  3  parts  copper,  the  same  as  the  Englisli 
silver  coins. 

FKENCH  MONEY. 

350.  French  Money  is  the  legal  currency  of  France. 
The  unit  is  the  franc,  whose  value  is  19.3  cents. 

860.  The  Franc  is  divided  into  tenths  and  hundredths, 
called  respectively  dedmes  and  centimes.  The  decime,  like 
our  dime,  is  not  used  in  business  calculations,  but  is  ex- 
pressed by  centimes ;  thus,  instead  of  5  decimes  we  say  50 
centimes. 

I.  Coins. — The  principal  French  gold  coins  are  the20-franc  and  10- franc 
pieces  ;  in  silver  the  5-franc  and  2-franc  pieces  and  franc ;  in  copper,  10- 
centime  and  5-centime  pieces. 

II.  Composition. — The  gold  and  silver  coins,  like  those  of  the  United 
States,  are  ^  pure  metal. 

GERMAN  MONEY. 

361.  The  German  Empire  has  adopted  a  new  and  uni- 
form system  of  coinaicre. 

362.  The  Unit  is  the  mark  (Beichsmark)  worth  23.85 
cents,  and  this  is  divided  into  100  pfennige,  or  pennies. 

Coins. — The  principal  German  coinsaregold  coins  of  20  marks,  10  marks, 
and  5  marks ;  silver  coins  of  5  marks,  2  marks,  and  1  mark  ;  nickel  ten- 
penny  aod  five-penny  pieces ;  and  copper  two-penny  and  penny  pieces. 

A  poiind  of  gold,  9  pure,  is  divided  into  139^  coins,  and  the  tenth  pari 
of  this  coin  is  called  a  mark. 

EXAMPLES  FOH  FHACTICE 

;•  How  man  J  pence  in  £26  15  s.  10  d.  ? 


OPERATION. 

£ 

8. 

d. 

26 

15 

10 

20 

535 

12 
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tioiiUTiON. — In  one  pound  there  are  20  shillings, 
and  in  £26  there  are  26  times  20  shillings,  which 
increased  by  15  shillings,  are  535  shillings :  in  one 
Bhilling  there  are  12  pence,  and  in  535  shillings 
there  are  535  times  12  pence,  which,  increased  by 
10  pence,  equal  6430  pence. 

6430,^718. 

2*  How  many  pounds,  shilllDgs,  and  pence  in  6430  pence? 

Solution. — There  are  12  pence  in  one  shil-  operation. 

ling,  hence  in  6430  pjence  there  are  as  many  12)6430 

shillings  as  12  is  contained  times  in  6430,  whicn  -  _,          _  , 

are  535  shillings,  and  10  pence  remaining:  ^|0)orf|&  -  lU  <l. 

there  are  20  shillings  in  one  pound,  hence  in  £26  -  15  s. 

535  shillings  there  are  as  many  pounds  as  20  is  ^^^  £26  158. 10  tl. 
contained  times  in  535,  which  are  £26,  and  15 
shillings  remaining  ;  hence  in  6430  d.  there  are  £26  15  s.  10  d. 

3.  How  many  dollars  in  £16  ?  Am,  $77,864 

4.  How  many  pounds  in  40  guineas  ?  Ans.  £42. 

5.  How  many  guineas  in  £8  8  s.?  Ans,  8  G. 

6.  How  many  dollars  in  £20  5  s.?  Am.  $98,546. 

7.  How  many  dollars  in  12  sovereigns  ?  ^n8.  $58,398. 

8.  How  many  francs  in  $22.45  ?     Am,  116fr.  32  cent 

9.  How  many  marks  in  $84.75?  Ans,  355  marks,  34.6  p£. 

10.  How  many  dollars  in  565.40  francs  ?  Am.  $109.12. 

11.  Dollars  in  256  marks,  25  pfennige  ?      Ans,  $61,115. 

12.  How  many  dollars  in  6  sovereigns  8  crowns  and  3 
florins  ?  Am.  $40.39. 

13.  A  lady  bought  in  Boston,  in  1856,  56  yd.  of  merino  at 
7  s.  6  d.  a  yard  ;  what  did  it  cost  ?  Ans,  $70. 

14.  A  lady  bought  in  New  York,  in  1846,  26  yd.  of  alpac« 
at  5  s.  3  d.  a  yard  ;  what  did  it  cost  ?  Ans.  $17.06^. 

15.  What  cost,  in  1836,  in  Philadelphia,  25  lb.  of  caudles, 
at  2  s.  6  d.  a  pound  ?  Ans.  $8.33^. 

16.  What  would  a  man's  wages  amount  to  for  17  weeks 
at  15  8.  9  d.  a  week,  in  Georgia  currency  ?    Ans.  $57,375. 

17.  In  1858  a  young  man  living  in  New  York  visited 
Boston  and  bought  a  pair  of  kid  gloves,  the  price  being  lis. 
6  d.;  he  handed  the  clerk  the  exact  change  in  New  York  cur- 
rency ;  how  great  was  his  mistake  ?  Ans,  47 fj^  centp 

18.  A  gentleman  returning  from  "^wxo^^,  V^^  \^  ^.v^nv-x 
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eigns,  4  crowns,  50  francs,  and  6  marks ;  what  was  their 
value  in  U.  S.  money?  Ana.  $64.61. 

MEASURES   OF   WEIGHT. 

8G3.  Weight  is  the  measure  of  the  force  with  which  a 
body  is  drawn  towards  the  centre  of  the  earth  by  the  attrac 
tion  of  gravitation. 

864.   There  are  three  kinds  of  weight  in  common  use : 

Troy    Weight f     Apothecaries*     Weight,    and    Avoirdupois 

Weight, 

TKOY    WEIGHT. 

865«  Troy  Weight  is  used  in   weighing  gold,  silver, 
jewels,  in  philosophical  experiments,  etc. 


TABLE. 

24  grains  (gr.) 

• 

=  1  pennyweight 

pwt 

20  pennyweights 

• 

=  1  ounce 

• 

oz. 

12  ounces 

• 

=  1  pound 

• 

.       lb. 

lb. 

oz. 

pwt. 

gr. 

1        = 

12 

=        240 

— 

5760 

, 

1 

=          20 

2j^j 

480 

Scale. — Ascending,  24,  20,  12 ;  descending,  12,  20,  24. 

1.  Name. — The  name  Troy  is  derived  from  TroyeSy  the  name  of  a  town 
in  France,  where  this  weight  was  tirst  used  in  Europe.  It  was  brought 
from  Cairo  in  Egypt  during  the  Crusades  of  the  12th  century.  The  name 
is  derived  by  some,  however)  from  Troy  Novant,  a  name  given  to  Londou 
in  monkish  chronicles* 

n.  Terms. — The  term  pmind  is  from  the  Latin  pefidoy  to  bend  or  weigh. 
The  term  ounce  is  from  the  Latin  uncia,  a  twelfth  party  the  ounce  beiii.^ 
one-twelfth  part  of  a  pound.  The  pennyweight  was  the  weight  of  the 
old  English  silver  penny.  The  term  grain  is  from  grains  of  wheat  which 
were  formerly  used  for  weighing.  These  were  taken  from  the  middle  of 
the  ear,  and  well  dried ;  at  first  the  pennyweight  contained  32  of  thchc 
grains,  but  after>vards  it  was  divided  into  24  parts,  which,  though  still  callcii 
grains,  were  much  heavier  than  a  grain  of  wheat. 

III.  Symbols. — The  symbol  oz.  is  from  the  Spanish  word  onza^  signifyini; 
otmcc,  though  Webster  derives  it  from  the  use  of  the  termination  3,  to 
express  abbreviations,  which  was  afterwards  changed  to  z\  lb.  is  from  libra^ 
the  Latin  for  pound.  Pwt.  is  a  combination  of  p.  for  penny  and  wt.  lor 
weight ;  dwt.,  from  de^iari-ns  and  weighty  is  nearly  obsolete. 

IV.  Unit. — The  starulard  unit  of  weight  is  the  Troy  pound.  It  is  equ<^I 
CO  the  weight  of  22.794377  cubic  inches  of  distilled  water,  at  the  tempera- 
ture of  39.83°  Fahrenheit,  barometer  at  30  inches,  and  is  identical  with  the 
imperial  Troy  pound  of  Great  Britain. 

V.  At  the  United  States  Mint,  the  Troy  ounce  is  adopted  as  the  standard, 
and  all  weights  are  expressed  in  multiples  and  decimal  subdivisious  of  ':li^ 

ifuace. 
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APOTHECARIES'  WEIGHT. 

866.  Apothecaries'  Weight  is  used  in  prescribing  and 
mixing  dry  medicines.  Medicines  are  bought  and  sold  by 
Avoirdupois  Weight. 

TABLE. 


20  grains  (gr.xx) 

= 

1  scruple 

• 

b 

3  scruples  (9iij) 

= 

1  dram 

5 

8  drams  (3viij) 

= 

1  ounce 

• 

s. 

12  ounces  (Jxij) 

= 

1  pound 

• 

ib 

lb.               g 

3 

B 

p- 

1       =       12      = 

96 

=      288    «= 

5160. 

1      = 

8 

=        24    = 

480. 

Scale. — Ascending,  20,  3,  8,  12 ;  descending,  12,  8,  3,  20. 

I.  Name. — The  name  arises  from  the  weight  being  used  by  apothecariet. 

II.  Terms. — The  term  scruple  is  from  the  Latin  scrupultUt  a  little  stone. 
The  terra  dram  is  from  drachma,  a  Greek  weight. 

III.  Stmbols. — The  symbols  have  been  supposed  to  be  modifications  of 
the  figure  3,  suggested  by  there  being  3  scruples  in  a  dram.  Champollion, 
however,  has  traced  them  back  to  the  hieroglyphics  of  Egypt. 

IV.  Unit. — The  Unit  is  the  pound,  and  is  identical  with  the  Troy  pound, 
as  are  also  the  ounce  and  grain,  the  ounce  being  difierently  divided. 

V.  Notation. — Physicians  use  the  Roman  notation  in  writing  prescrip- 
tions, using  the  small  letters,  preceded  by  the  symbols,  and  writing  J  foi 
'  when  it  terminates  a  number.  Thus,  12  gr.  is  written  gr.x^.;  2  scruples. 
3^.  li  is  an  abbreviation  for  recipe,  take;  a  or  oa  (from  the  Greek  ova) 
means  of  each,  referring  to  two  or  more  preceding  ingredients ;  m.  for 
semis  or  half,  as  ^ivss.,  means  4^  scruples ;  P.  for  particula,  or  little  part , 
P.  acq.  for  equal  parts  ;  q.  p.,  quantum  placet,  as  miuih  <u  you  please, 

AVOIRDUPOIS  WEIGHT. 

867.  Avoirdupois  Weight  is  used  for  weighing  every- 
thing  except  jewels,  precious  metals,  etc. 


TABLE. 

16  ounces  (oz.) 

=  1  pound    .        .        lb. 

100  pounds 

=  1  hundredweight      cwt. 

20  hundredweight 

=  1  Ton       .        .        T. 

T.                 cwt. 

lb.                  oz. 

1        »        20 

=      2000     =     32000 

1 

=        100     =       1600. 

Scale.— Ascending,  16, 100,  20 ;  descending,  20,  100,  16. 

I.  Namb.— The  term  Avoirdupois  is  probatoV^  ttom.  \X\fc '^t^xssScv  wvV\n 
Ou  poids,  to  have  wight.    It  haa  also  \)efcii  ^ftiVife^  Ixom  «».  ^^^x«^r>  '^'^Cn. 
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tmertr,  to  verify^  from  the  old  French  aver  de  pes,  goods  of  weighty  and  from 
the  old  Norman  French  avoir  du  poids,  goods  or  chattels  of  weight. 

II.  Terms. — The  term  to^i  is  from  the  Saxon  tunne^  a  cask.  The  origin 
of  the  other  terms  has  already  been  given.  The  symbol  act.  is  from 
eefUnniy  hundred^  and  weight.  The  term  dram  has  been  u:>ed  for  ^  of  an 
ounce,  but  is  obsolete,  fractions  of  an  ounce  being  now  used. 

III.  Unit. — The  unit  is  the  pound.  It  is  derived  from  the  Troy  pound, 
and  contains  7000  grains  Troy.  It  is  equal  to  the  weight  of  27.7015  cubic 
inches  of  water  at  89.88*^  Fah.,  the  barometer  being  at  30  inches,  or  to 
27.7274  cubic  inches  at  62°  Fah.,  barometer  30  inches.  The  Imperial 
pound  avoirdupois  of  Great  Britain  is  derived  by  the  latter  method. 

IV.  In  Great  Britain  28  lb.  equal  1  qr.,  112  lb.  equal  1  cwt.,  and  2240  lb. 
equal  1  ton.  These  are  called  the  lon^  hundred  and  long  tmi ;  they  were 
formerly  used  in  this  country,  but  are  now  used  only  at  the  custom-housi>8 
in  invoices  of  English  goods,  in  the  wholesale  iron  and  plate  trade,  and  in 
wholesaling  and  freighting  coal  from  the  coal  mines  of  Pennsylvania. 

V.  Old  Weights. — A  stone  of  iron  or  lead=14  lb. ;  21  \  stoue^l  pig^  and 
8  pigs  =lf other ;  a  stone  of  fish  or  butcher's  meat  =  8  lb.;  a  stone  of  glass 
=5  lb.  A  seam  of  glass  =  24  stone ;  a  tj-uss  of  hay  =:  56  lb  ;  a  truss  of  new 
hay,  until  the  Ut  of  Sept.=  60  lb.;  a  truss  of  straw  =36  lb.  In  weighing 
wool,  7  lb.  =  1  elove  ;  2  cloves  =  1  stone  ;  2  stones  =  1  tod  ;  6^  tods  =  1 
wey  ;  2  weys  =■  1  sack  ;  12  sacks  =  1  last.  A  pack  of  wool  =240  lb.  In 
weighing  cheese  and  butter,  8  lb.  equal  1  clove.  A  hale  of  cotton  in  Egypt 
weighs  ^  lb-;  in  America  a  commercial  bale  is  400  lb.,  though  it  varies  in 
different  localities  from  280  to  720  lb.   A  bale  of  Sea  Island  cotton  is  300  lb. 

VI.  The  following  denominations  are  frequently  used  : 


25  lb.  of  powder 
66  "    "  butter 
84  **    *'      '^ 

100  "    "grain  or  flour" 
100*'    "dry  fish 
100  *•    "  nails 


make  1  barrel. 
"     1  firkin. 
1  tub. 
1  cental. 
1  quintal. 
Ikeg. 


(( 


It 


100  lb.  of  raisins 


make  Icask. 


196 
200 
240 
280 
600 


(( 


"  flour 

"  pork,  beef  or  fish 


1  barrel. 

1  barrel. 
"  lime,  "      1  cask. 

"  saltatN.Y.S.w'ks  1  barrel. 


i( 


rice 


(( 


1  barrel. 


COMPARISON   OF   WEIGHTS. 
868.  The  Troy  Pound  and  the  Apothecaries'  Pound 

each  contains  5760  Troy  grains  ;  the  Avoirdupois  ponnd 
contains  1000  Troy  grains.  From  this  we  readily  derive 
the  following  table : 

AVOIRDUPOIS. 

1  lb.   = 
1  oz.   = 


TKOY  GR. 
7000 

437i 
144  1b.  Av.=175  lb.  Troy. 


TROY  OR  APOTH.   TROY  GR 
1  lb.     =     5760 

1  OZ.        =  480 

192  oz.  Av.=  175  oz.  Troy 


DIAMOND  WEIGHT. 

Diamond  Weight  is  used  in  weighing  diamonds 
and  other  precious  stones. 

TABLE. 

16  parts  .     .     .  equal  1  carat  grain=s.792  Troy  grains. 
^  carat  grains       "      I  carat         =a.US  **         ** 
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Note. — The  carat  of  weight  must  be  carefully  distinguifihed  from  the 
a^%ay  carat.  The  former  is  an  absolute  weight ;  the  latter  is  used  to  denote 
the  proportion  of  pure  gold  in  a  mass,  and  is  a  twenty-fouith  part  of  the 
mass.    Thus  gold  18  carats  fine  has  18  parts  gold  and  6  parts  alloy. 

EXAMPLES  FOH  FRACTICZi. 

1.  Change  7  lb.  3  oz.  6  pwt.  3  gr.  to  Apothecaries*  Weignv. 

Ans.  7  lb.  3g.  23.  19.  7  gr. 

2.  Change  14  lb.  6  oz.  12  pwt.  6  gr.  to  Avoirdupois  Weight. 

Ans,  11  lb.  16.574^  oz. 

3.  Change  4  cwt.  72  lb.  8  oz.  to  Troy  Weight. 

Ans,  674  lb.  2  oz.  12  pwt.  12  gr. 

4.  Change  6  cwt.  20  lb.  12  oz.  XJ.  S.  to  English  weight. 

Ans,  6  cwt.  2  qr.  4  lb.  12  oz. 
6.  Which  is  heavier,  and  how  much,  a  pound  of  gold  or 
a  pound  of  iron  ?  Ans.  The  latter,  1240  gr. 

6.  Which  is  heavier,  and  how  much,  an  ounce  of  silver 
or  an  ounce  of  lead  ?  Ans.  The  former,  42^  gt 

7.  If  Commodore  Nutt  weighs  23  lb.  Avoirdupois,  how 
much  would  he  weigh  by  Troy  Weight  ?     Ans,  27||^  lb. 

8.  I  shipped  125  tons  of  iron  from  England ;  how  much 
did  it  weigh  by  United  States  weight  ?        Ans.  140  tons. 

9.  What  is  the  weight  of  24  gold  eagles  and  72  silver 
dollars?  Ans.  6  lb.  2  oz.  15  pwt.  12  gr. 

10.  What  is  the  weight  of  10  sovereigns,  5  shillings,  and 
8  pence  ?  Ans.  7  oz.  9  pwt.  13.09  gr. 

11.  What  is  the  weight  of  $437,985  in  English  sov- 
ereigns; also  in  shillings?. 

,  1  lb.  11  oz.  2  pwt.  6.66  gr.  in  sovereigns. 

jA  flS. 


•■{ 


27  lb.  3  oz.  5  pwt.  6  gr.  in  shillings. 

12.  What  is  the  weight  of  the  gold  and  also  of  the  alloy 
in  720  sovereigns? 

(Gold,  14  lb.  1  oz.  10  pwt.  .84  gr. 
(Alloy,  1  lb.  3  oz.  8  pwt.  4.44  gr. 

13.  If  I  owe  $1,000,000,  and  pay  it  in  gold,  what  will  be 
its  wei^'ht  A  v.  ?  Ans.  3685f  lb. 

14.  An  apothecary  bought  14  lb.    12  oz.   of  opium  by 
Avoirdupois  weight,  at  62 J  cts.  an  ounce,  and  retailed  v^  ^v 
5  cts.  a  scruple  J  how  much  d\d\ift  g^ml    Au^  ^W^.^"^- 
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MEASURES   OF   LENGTH. 

870.  Measures  of  Length  are  used  in  meusuriag 
length,  breadth,  height,  distance,  etc. 

87I«  A  lane  is  that  which  has  length  without  breadth 
or  thickness.  It  is  estimated  by  ascertaining  how  many 
times  it  contains  a  unit  of  measure. 

873.  An  Angle  is  the  opening  between                       ^ 
two  lines  which  diverge  from  a  common                  y 
point.     Thus  ACD  and  DCB  are  angles.    ^ 

878.  The  Vertex  of  an  angle  is  the  point  from  which 
the  two  lines  diverge;  thus,  0  is  the  vertex  of  the  angle 
BCD. 

874.  A  Right  Angle  is  formed  bj  one 
line  perpendicular  to  another ;  as,  ABC  or 

CBD     ODeline  i& perpendicular  to  Another    

wneu  it  makes  the  two  adjacent  angles,  a  b  d 

equal. 

LONG  MEASURE. 

875.  Long  Measure  is  used  for  the  general  purposes 
of  measuring  length  and  distances. 


TABLE. 


12  inches  (in.) 

3  feet  . 

6.J  yards,  or  1  (y^  fct;t 

320  rods 

3  miles 

69.16  miles  . 


==  1 
=  1 
=  1 
=  1 

=  1 


foot 

yard 

rod 

mile 

league 


ft. 

yd. 

rd. 

mi. 
lea. 


•  =  1  degree  of  latitude,  deg.  or  '^ 

or  of  longitude  at  the  equator 

mi.  rd.  yd.  ft.  in. 

1  =  320  =  1760  =  5280  =  63360 
1   =   5^   ==   16^   =   198 

Scale.— Ascending,  12,  3,  5|,  320,  69.16;  descending,  69.16,  320,  5^, 
3,12. 

I.  Terms.— The  units  of  length  are  nearly  all  derived  from  the  different 

Eirts  of  the  human  body  and  from  other  objects.     The  ancient  yard  of 
ngland  was  the  length  of  the  arm  of  King  Henry  I.     The  term  ineh  is 
ijom  ftntuif  a  /tffeiflA ;  foot  is  from  the  human  foot  \  y^ard  was  a  rod  or 
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Mhoat;  rod  is  from  a  measuring  stick  or  rod;  furlong ^  now  obsolete,  is 
from  f^tVf  furroio,  and  lang,  long^  the  length  of  a  furrow ;  mile  is  from 
tmiUe  passmtm,  1000  puces ;  span  is  the  space  measured  from  the  end  of  the 
thumb  to  the  end  of  the  little  finger  extended  ;  enbitf  from  the  elbow  to 
the  end  of  the  middle  tinker ;  fathom,  the  length  of  the  two  arms  extended. 

II.  Unit. — The  standard  unit  of  length  is  the  yard,  from  which  all  othei 
measures  of  length,  and  also  those  of  capacity,  wei&fht,  etc.,  are  derived. 
It  is  identical  with  the  Imperial  yard  of  Great  Britain,  which,  under 
William  IV.,  was  declared  to  be  fixed  by  dividing  a  pendulum,  which 
vibrates  seconds  in  a  vacuum,  at  the  level  of  the  sea,  at  62°  Fah.,  in  the 
latitude  of  London,  into  891393  equal  parts,  and  taking  360000  of  these 
parts  for  the  yard.  Subsequent  scientific  experiments  have  proved  that 
such  a  standard  is  impracticable. — See  Brooks* 9  Philosophy  of  Arithmetic. 

III.  The  Mile. — The  geographic  or  nautical  mile  is  equal  to  1  minute 
of  one  of  the  great  circles  of  the  earth  ;  hence  it  equals  ^  of  -^  of  the 
circumference  of  the  earth,  which  equals  about  1.15  statute  miles.  The 
English  mile  is  the  same  as  that  of  the  United  States.  The  German  short 
mile  equals  6857yd.,  or  about  3^^  statute  miles;  the  German  long  mUe 
equals  10125yd.,  or  about  5|  statute  miles;  the  Prussian  mile  equals 
8237  yards,  or  about  4^  statute  miles.  3  statute  miles  make  a  land 
league  ;  3  nautical  miles  a  nautical  league. 

IV.  Degrees. — A  degree  of  longitude  at  any  point  is  ^\^  of  the  circle 
passing  through  the  latitude  of  that  point,  and  as  these  circles  diminish  as 
we  pass  from  the  equator,  the  degrees  of  longitude  will  diminish.  Thus, 
at  the  equator,  the  length  of  a  degree  of  longitude  is  about  69^  statute 
miles ;  at  25°  of  latitude,  62^  miles ;  at  40°  of  latitude,  53  miles ;  at  42°, 
51^  miles ;  at  49°,  451iiiiles ;  at  60°,  34^  miles,  etc.  A  degree  of  latitude 
also  varies,  being  68.72  miles  at  the  equator ;  from  68.9  to  69.25  mUes  in 
middle  latitude ;  and  from  69.30  to  69.34  miles  in  the  polar  regions. 

V.  Other  Measures. —  The  following  dendmlnations  are  frequently 
used  :  in  clock-making,  6 jE>(nn^«  =  1  line,  and  12  lines^^l  inch;  in  measur- 
ing the  foot,  3  barleycorns  or  sizes  =  1  inch ;  in  measuring  the  height  of 
horses,  4  inches=^\  hand,  the  measure  being  taken  directly  over  the 
shoulder ;  1  span  =  9  inches ;  1  common  cubit  =  18  inches,  and  1  saered 
cfi5i^=21.888  inches;  1  pace=ii,S  feet ;  a  knot  is  equal  to  a  nautical  mile. 
Formerly  we  had  40  rods  equal  1  furlong  and  8  fiirlotigs  one  mile,  but 
these  are  now  seldom  used. 

SUKVEYORS*   LINEAR  MEASURE. 

376.  Surveyors'  Lmear  Measure  is  used  by  surveyors 

and  engineers  in  measuring  the  dimensions  of  land,  distances, 
etc. 

TABLE. 

T.92  inches  (in.)     .        .         =1  link        .        .        li. 
100  links       ...         =1  chain      .        .        eh. 
80  chains    .         .         .         =1  mile        .         .         mi. 

mi.  ch.  li.  in. 

1         =         80         =         8000         =         63360 

1         =  100         =  792 

Scale.— Ascending,  7.92,  100,  80;  descending,  80,  100,  7.92. 
I.  Name, —  Ghtnter*8  chain  is  named  after  lYvft  x^v^Xft,^  Vsss«i^uat.»^^\sssasj^ 
Guntcr,  an  EngUsh  mathematician,  bom  \?«V. 
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II.  Unit. — The  unit  is  a  chain  called  Ounter's  Chain,  which  consists  of 
100  links,  and  is  4  rods,  66  feet,  or  792  inches  long. 

III.  The  denomination  roda  is  seldom  used  by  surveyors,  distances  beiu^ 
represented  in  chains  and  links.  Since  each  link  is  y^  of  a  chain,  the 
number  of  links  is  generally  expressed  as  a  decimal ;  tlius,  5  chains  and 
il  links  are  written  5.47  chains.  Engineers  generally  use  a  chain  100  feet 
long. 

MARINERS'   AND  CLOTH   MEASURES. 

877*  Mariners*  Measure  is  used  by  seamen  in  measur- 
ing distances,  the  depth  of  the  sea,  etc.  Cloth  Measure  is 
used  for  measuring  cloth,  ribbons,  etc. 


mariners'   measure. 

6  feet         =  1  fathom. 
120  fathoms  =  1  cable  length. 
880  fathoms  =  1  mile. 


CLOTH    measure. 

1  yard  =  36  inches. 
^  yard  =  18  inches. 
\  yard    =    9  inches. 


^  yard    =    4^  inches. 

I.  The  foot  and  yard  of  these  two  measures  are  the  linear  foot  and  yard. 
The  iuiil  in  Cloth  Measure  is  obsolete.  At  the  custom-houses,  the  yard  is 
divided  into  tenths,  hundredths,  etc. 

II.  In  the  old  table  of  Cloth  Measure  there  were  given  8  qr.  =  1  £1] 
Flemish  ;  5  qr.  =  1  EU  English ;  6  qr.  =  1  EU  French ;  4  qr.  1^  in.  =  I  EU 
Scotch. 

•RXAMFLES    FOH    PRACTICE. 

1.  Reduce  120  ch.  25  li.,  to  miles.         Ans,  1  mi.  161  rd. 
2*  Reduce  5*75  stat.  miles  to  geog.  miles.  Ans,  500. 

3.  Reduce  12  cable  lengths  60  fathoms,  to  chains. 

Ans.  136y\ch. 

4.  Required  the  distance  round  the  earth. 

Ans.  24897.6  mi. 

5.  If  a  horse  is  16^  hands  high,  what  is  its  height  in  feel 
and  inches  ?  Ans.  5  ft.  6  in. 

6.  A  ship  was  sailing  in  12-J-  fathoms  of  water;  how  deep 
was  the  water  ?  Ans.  75  ft. 

7.  If  a  vessel  sails  14  knots  an  hour,  how  nianv  statute 
miles  will  it  sail  in  12  hours?  Ans.  193 miles  64  rd. 

8.  The  soldier's  common  step  is  28  inches,  his  double 
quick  step  32  inches ;  how  many  of  each  must  he  take  in 
marching  a  mile?  ^n«.  2262f;  1980. 

0.  Two  towns  in  Germany  are  26  "long  miles"  from  each 
other;  what  is  the  distance  in  "short  miles"  and  in  English 
aijhs  r  Ans.  38|fff  short  miles ;  14^\^  ^xi^.  mvW*. 
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MEASUKES   OF   SURFACE. 

878.  A  Snrfiice  is  tbat  which  has  length  aad  brendth 
without  thickness.  ,___^ 

870.  A  Sqnare  is  a  plane  surface  which  has 
four  equal  sides  and  four  right  angles,  as  in  the 
margin. 

880.  A  Rectangfle  is  a  surface  which  has  r 1 

four  sides  and   four  right  angles,  as  in   the 

margin.      A  slate,    a   door,   the    sides  of  the  1      I 

room,  etc.,  are  examples  of  rectangles. 

881.  All  Sur&ces  are  measured  bj  ascertaining  the 
number  of  times  they  contain  a  amall  aquare  regarded  aa 
the  unit  of  meaeure. 

ThuB,  in  the  surface  in  the  margin  there  are 
three  rows  of  squares,  each  row  containing  4 
■qnarea;  hence  there  are  3  limes  4  or  I'Z  squares 
in  all ;  and  since  these  make  up  the  entire  surface, 
the  measure  of  the  surface,  called  iia  area,  is  12 


SURFACE  OR  SQUARE  MEASURE. 
883.  Sur&ce  or  SqnEU'e  Measiu-«  is  used  in  measur- 
ing surfaces,  as  land,  boards,  amount  of  paintiag,  papering, 
plastering,  paving,  etc. 


Hi  square  inches  (  sq.  in.) 

9  square  feet 
30J  square  yards,  or> 
272^  square  feet  f 

IGO  perches 
640  acres 


1  square  foot,     sq.  (t 
1  square  yard,,  sq.  yd, 

I  perch  or  sq.  rod,    P. 


=         1  square  mile,  sq, 


A.  P.  sq.  yd. 

1     =T     160     —     4840     «     43560     =     6273640 
1     =.         SOJ  =         272J^  =         39204 
1     =  9     =  1296 

1,160,640;  descending,  a4fl,l«»,aiV 
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I.  Terms. — Perch  is  from  the  French  perche,  a  pole  ;  acre  was  primarily 
an  open  plowed  or  sowed  field. 

II.  Unit.— The  imit  for  land  is  the  acre;  for  other  surfaces  it  is  usoaUy 
the  square  yard, 

in.  The  perch  is  a  surface  equal  to  a  square  rod.  The  rood  is  found 
now  only  in  old  title-deeds  and  surveys ;  it  is  equal  to  40  perches. 

IV.  A  square  pi^e  of  land,  measuring  209  feet,  or  about  70  paces  on 
each  side,  equals  very  nearly  one  acre. 

SURVEYORS'    SQUARE    MEASURE. 

383.  Surveyors'  Square  Measure  is  used  bj  survey. 

ors  in  computing  the  area  or  contents  of  land 

TABLE. 

10,000  square  links  (sq.  li.)      =  1  square  chain,  .  sq.  ch. 

10  square  chains         .         =  1  acre,  .  .         A. 

640  acres     .         .         .         =  1  square  mile,  .  sq.  mi. 

36  sq.  mi.  (6  miles  square)  =  1  township,  .  .       Tp 

Tp.        sq.  mi.  A.  sq.  ch.  sq.  li. 

1     =     36     =     23040     =     230400     =     2304000000 
1     =r=         640     =         6400     =         64000000 

1     =  10     =  100000 

Scale.— Ascending,  10,000,  10,  640,  36;  descending,  36,  640,  10, 
10,000. 

I.  Also  625  sq.  II.  =  1  perch;  16  perches  =  1  sq.  chain  ;  10  sq.  ch.=  1 
acre ;  or,  40  perches  =  1  rood ;  4  roods  =  1  acre.  The  perch  and  rood  are 
not  so  much  used  as  formerly,  the  contents  of  land  being  commonly 
estimated  in  square  miles,  acres,  and  hundredths. 

EXAMPLES    FOH    FHACTICE. 

1.  How  many  square  chains  in  10  A.  150  P.? 

Ans.  109.376  sq.  ch. 

2.  Reduce  5  A.  120  P.  to  sq.  in.     Ans.  36067680  sq.  in. 
8.  Reduce  89794172  sq.  in.  to  acres. 

Ans,  14  A.  50  P.  13  sq.  yd.  1  sq.  ft.  20  sq.  in. 

4.  Reduce  78985432184  sq.  li.  to  townships. 

Ans.  34  Tp.  10  sq.  mi.  94  A.  3sq.  ch.  2184  sq.  li. 

5.  Required  the  value  of  a  field  containing  45  sq.  chains 
at  $120  an  acre.  Ans.  $540. 

6.  Bought  12  A.  100  P.  of  land  at  $160  an  acre,  and  sold  it 
for  $16^  a  square  chain ;  what  did  I  gain  ?     Ans.  $63,121^. 

7.  What  is  the  difiference  in  area  between  a  garden  bed 
3  feet  square  and  one  containing  5  sc\v\aTe  feet? 
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MEASURES    OP   VOLUME. 

S84.  A  Tolome  is  that  which  has  leDgth,  breadth,  and 
thickness  or  height.     A  volnme  is  also  called  a  solid. 

8SS.  A  Cube  Ib  a  volnme 
bounded  by  six  equal  squares. 

386.  A  Bectangnlar  Tol- 
ume  or  Solid  is  a  volume 
bounded  by  rectangles.  Cellars, 
boxes,  rooms,  etc.,  are  examples 
of  rectangular  volumes. 

387.  All  Volmues  are  measured  by  ascertaioiug  the 
Dnmber  of  times  they  contain  a  small  cube  regarded  as  a 
«m(  of  measure. 

TliuB,  in  the  cube  in  the  margin,  il  will  be  seen  that  there  are  3  time* 
3,  or  9  cub«s  upon  one  surface,  and  einre  there  are  three  such  layers, 
there  are  3  times  9,  or  27  little  cubes  in  all ;  and  since  these  make  up 
the  entire  volume,  the  measure  of  the  c  hi-.  .    .     ■    »- 


cube,  called  its  emientt,  i 


CUBIC  OE  BOUIi  MEASURE. 
388.  Cubic  or  Solid  Measure  is  ased  in  measuring 
things  which  have  length,  breadth,  and  thickness. 


TABLE. 

1128  cubic  inches  (cu,  in.)  = 

27  cubic  feet        ,        .  = 

16  cubic  feet  = 

8  cord  feet,  or  >  _ 

128  cubic  feet      J  '  ~ 

cd.  en.  yd,  cu.  f 

1     =     m 


1 


27 


1  cubic  foot,  cu.  ft. 
]  cubic  yard,  cu.yd. 
1  cord  foot,      cd.  ft. 

1  cord  of  wood,    cd. 


221184 

46656 


8cAi.E.~Ascending,  1728,  27;  descending,  27,  1728. 
I.  A  rord  of  wood,  eo  nained  from  being  ortgtoany  measured  bj 

tft.  long,  4  ft.  wide,  and  4ft.  high.     Acordj 

long ;  it  equals  16  cubic  feet.    See  Art.  493. 


■ing,  is       . 
put  of  thU  pile 
II.  The  ton  of 


ir  SO  ft.  for  hean  Umber  Is  Bc 


ex.amfi.es   for   PSACTICE. 
1.  Reduce  Scd.  6cd.  ft.  to  en.  ft,  Ans.  Ulftw 
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2.  Reduce  78976  cd.  ft.  to  cords.  Ans.  9872  cd. 

8.  Reduce  8797  cu.  ft.  to  cords.       Ans.  68  cd.  93  cu.  ft. 

4.  In  798765432 cu.  in.  how  many  cubic  yards? 

Ans.  17120  cu.  yd.  8cu.  ft.  888  cu.  in. 

5.  What  is  the  difference  between  a  4  inch  cube  and  i 
cubic  inches  ?  Ans.  60  cu.  in. 

MEASURES   OF   CAPACITY 

389.  Measures  of  Capacity  are  volumes  used  to  deter- 
mine  the  quantity  of  fluids  and  many  dry  substances. 

390«  Measures  of  Capacity  are,  therefore,  of  two  kinds. 
Measures  of  Liquids  and  Measures  of  Dry  Substances. 

391^  Liquid  Measures  are  of  two  kinds,  Liquid  or 
Wine  Measure  and  Apothecaries^  Fluid  Measure. 

LIQUID  OR  WINE  MEASURE. 

392.  Liquid  or  Wine  Measure  is  used  for  measuring 
all  kinds  of  liquids. 

TABLE. 


4  gills  (gi.) 

• 

= 

1  pint 

.         pt 

2  pints 

• 

= 

1  quart 

.          qt 

4  quarts     . 

• 

= 

1  gallon    . 

gal. 

31^  gallons 

• 

=s 

1   barrel     . 

bar. 

63  gallons  or 

2  bar. 

= 

1  hogshead 

hhd. 

hhd. 

bar. 

gal. 

qt           pt. 

gi- 

1      = 

2     = 

63 

= 

252   =  504  = 

2016 

1     = 

3H 

— 

^26    =  252  = 

1008 

* 

1 

^ 

4    =       8  = 

32 

Scale. — Ascending,  4,  2,  4,  31  J,  2;  descending,  2,  31  J,  4,  2,  4. 

I.  Name. — It  is  called  Wine  Measure  because  wine  was  measured  by  it, 
while  beer  was  measured  by  another  measure. 

II.  Terms. —  Gill  is  from  Low  Latin  gilUif  a  drinking  glass ;  pint  is  from 
the  Anglo-Saxon  pyndan,  to  shut  in,  topefi,  or  from  the  Greek  pinto,  to  drink; 
quart  is  from  the  Latin  quartus,  a  fourth.  The  derivation  of  gallon  is  not 
clear ;  in  the  French,  a  galon  is  a  grocer's  box. 

II.  Unit. — The  standard  unit  of  wine  measure  is  the  gallon,  which  con- 
tains 231  cubic  inches,  and  will  hold  a  little  more  than  8^  lb.  Ay.  of  distilled 
water.  This  is  called  the  Winchester  gallon,  from  the  standard  having  been 
formerly  kept  at  Winchester,  England.  The  Imperial  gallo7i,  now  adopted 
tyy  Great  Britain,  contains  277.274  cu.  in.,  or  10  lb.  A  v.  of  distilled  water, 
temperature  62°  Fah.,  the  barometer  standing  at  30  inches. 

IV.  darrein  and  hogsheads  are  of  variable  capacity.    The  above  valuet 
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« 

M«  used  In  estimating  the  capacity  of  wells,  cisterns,  vats,  etc.  In  Massa- 
chusetts, the  barrel  is  estimated  at  32  gallons.  A  pint  of  water  weighs 
nearly  one  pound,  hence  the  old  adage,  ^*  A  pint's  a  pound  the  world 
around." 

y.  Besides  the  above  the  following  denominations  are  frequently  given : 
42  gal.  =  1  tierce ;  84  gal.  =  1  puncheon ;  2  hhd.,  or  126  gal.  =  1  pipe  or 
butt ;  2  pipes  =  1  tun.  These  are  not  measures,  however,  but  vessels  of 
no  uniform  capacity ;  they  are  usually  gauged  and  have  their  capacities 
marked  upon  them. 

VI.  Ale,  beer,  and  milk  were  formerly  sold  by  a  gallon  of  282  cu.  in.,  the 
subdivisions  being  quarts  and  pints.  The  measure  was  greater  than  wine 
measure,  as  beer  was  less  costly  than  wine. 

APOTHECARIES'   FLUID  MEASURE. 

393.  Apothecaries'  Fluid  Measure  is  used  for  meas- 
uring liquids  in  preparing  medical  prescriptions. 


TABLE. 

• 

60  minims  (^) 

=     1  fluidrachm. 

.    f3. 

8  fluidracbms    . 

.     =     1  fluidounce  . 

•    f3- 

16  fluidounces     . 

.     =     1  pint    . 

.    0. 

8  pints 

.     =     1  gallon 

.     Cong. 

Scale. — Ascending,  60,  8,  16,  8 ;  descending,  8,  16,  8,  60. 

I.  Tekms. — Minim  is  from  the  Latin  minimus^  iJie  leasts  the  minim  being 
the  smallest  fluid  measure  used.  Several  of  the  other  terms  are  formed  by 
prefixing /ttid  to  the  terms  of  Apothecaries'  Weight. 

II.  Symbols. — Cong,  is  the  abbreviation  of  congius^  the  Latin  for  gal- 
lon, O.  is  the  initial  of  octariiiSy  the  Latin  for  one-eighth^  the  pint  being 
one-eighthof  a  gallon.  Drops  are  indicated  in  a  physician's  prescription 
by  gtt.^  for  the  Latin  guttai. 

ni.  In  estimating  the  quantity  of  fluids,  45  drops  equal  about  a  fluidrachm  ; 
a  common  teaspoon  holds  about  one  fluidrachm  ;  a  common  tablespoon, 
about  ^  a  fluidounce ;  a  wineglass,  about  1|  fluidounces ;  a  common  teacup, 
about  4  fluidounces.  The  minim  is  equivalent  to  a  drop  of  water ;  but  the 
drops  of  difl'erent  liquids  vary  in  size  according  to  the  tenacity  of  the  liquid. 

DRY  MEASURE. 

304.  Dry  Measure  is  used  in  measuring  dry  substances, 
Bucb  as  grain,  fruit,  salt,  coal,  etc. 

TABLE. 

2  pints  (pt.)  .         .     =     1  quart  .        .     qt. 

8  quarts  .         .     =     1  peck  .         .     pk. 

i  pecks  .         .     =     1  bushel  bu. 

bu.  pk.  qt.  pt. 

1         =  4         =         32        =        64 

1         =  8        =        IG 

ScA-.E.—  Ascending,  2,  8,  4;  deacesitoi^,  ^^/^ 
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I.  Tbrms. — Pfck  Is  BuppusGil  to  lie  a  corrupUou  at  paeic,  at  to  be  dcrivud 
(roni  Hie  French  picotin,  a  peek. 

II.  Unit. — The  unit  Is  the  Wlnche«'j!r  bushel,  formerly  uaed  In  England, 
aail  u*nicd  from  the  place  whoro  the  Btaodard  wag  presErved.  In  lorm  it 
1b  b  cyliuder,  18J  In,  in  dluiueter,  and  tj  Inches  deep.  Its  volume  U213U.4-J 
cu.  iu.,  and  conlnlns  77.B37413  lb  Av.  of  dlBllUed  water,  at  Its  maximum 
douslty.  The  New  York  bushel  Is  nearly  Identical  with  ttic  Imperial  bualid 
orUreat  Britain,  which  contains  ^IH.liricu.  in. 

III.  The  CtHtal  of  lOU  lb,  is  a  standard  receuUy  reoommcudcd  by  the 
Boards  ol'Trade  of  New  York,  Cincinnati,  Chicago,  sjid  other  large  cltlcB' 
for  estlniatiug  grain,  seeds,  etc.  Bushels  are  changed  lo  ceotals,  by  mui- 
tiplyin^  by  the  number  of  pouuds  in  1  busbcl,  and  dividing  the  product  by 
1DU.    The  remainder  will  be  buudi'udtbB  of  a  ccnlal. 

IV.  The  C/ui/ririin,  couslstiug  in  some  places  of  36  bu.,  and  In  others  of  3-J 
bu..  Is  used  in  some  parts  of  the  United  States  lor  mcasuriuif  coal  uidcoku, 
but  is  behig  diacontluued  here,  as  it  has  been  iu  England.  The  coal  bushel 
coutsinod  f  quart,  more  ttian  the  Wlucbestcrbuehel.  Twenty-one  chaldrons 
Blade  a  icon.  Foreign  coal  is  Imported  by  the  chaldrou,  but  American 
coal  is  generally  bought  and  sold  In  large  quantities  by  the  loo,  in  small 
quantities  by  the  bushel. 

V.  Where  fruit  and  vegetables  are  sold  by  the  basket  or  barrel,  a  peach 
basket  should  hold  2  pk.,  a  potato  buskct  3  pk.,  and  a  barrel  'i  potato 
bnskcU^      Uurrcls  made  for  measuriog  articles  lor  market  usually  bold  100 

395.  The  Weight  of  a  Bushel  of  the  pnacipal  kinds  of 
grain,  seeds,  nad  dried  fruit  has  been  fixed  bjr  statute  id 
Qiany  of  the  Slates,  aa  shown  by  the  followiog 
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EXAliTPLES   FOR   FKACTTCS. 

1.  How  many  minims  in  4  Cong.  2  0.  l.'jf^.  7f3.  ? 

^ns.  2687*0  "L 

2.  How  many  Cong,  in  84T2347  m.  ? 

Jns.  137  Cong.  7  0.  2  fg.  5  ts-  47  m- 
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8.  How  many  bushels  in  78954  pints  of  timothy  seed  ? 

Ans,  1233  bu.  2  pk.  5  qt. 

4.  What  cost  8  gal.  3  qt.  1  pt.  of  kerosene  at  3  ets.  a  pint? 

Ans,  $2.13. 

5.  What  cost  *l  bu.  3  qt.  1  pt.  of  strawberries  at  12/  a 
pint?  Ans.  $54.60. 

CIRCULAR  MEASURE. 

390.  CircxQar  Measure  is  used  to  measure  angles  and 
directions,  latitude  and  longitude,  etc. 

397.  A  Circle  is  a  plane  figure 
bounded  by  a  curved  line,  every  point 
of  which  is  equally  distant  from  a  point 
within  called  the  centre. 

398.  The  Circumference  of  a  circle 
ift  the  bounding  line ;  any  part  of  the  circumference,  as  BC, 
is  an  arc.  An  arc  of  one-fourth  of  the  circumference  is 
called  a  quadrant. 

399.  For  the  purpose  of  measuring  angles,  the  circum- 
ference is  divided  into  360  equal  parts,  called  degrees;  each 
degree  into  60  equal  parts,  called  minutes ;  each  minute  int^ 
<)0  equal  parts  called  secorids. 

400*  Any  angle  having  its  vertex  at  the  centre,  is 
measured  by  the  arc  included  between  its  sides;  thus,  COB 
is  measured  by  the  arc  BC.  A  right  angle  is  measured  by 
90  degrees,  or  a  quadrant ;  half  a  right  angle,  by  45  degrees, 
etc. 

TABLE. 


60  seconds  (")      . 

• 

1  minute    .         .         ' 

60  minutes   . 

• 

— 

1  degree     .         .       ° 

30  degrees 

• 

= 

1  sign .       .         .      S. 

12  signs,  or  360° 

• 

= 

1  circumference.      C. 

C                 S. 

o 

f                        n 

1      -       12     - 

360 

= 

21600     =     1296000 

1     = 

30 

: 

1800     —       108000 

1 

60     =           3600 

Scale.— ABcendmg,  60,  60,  30,  YL\  deaceli^\x:k^,\*i'.'^>^^'^' 
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I.  Terms. — The  division  of  the  circumference  of  the  circle  into  360 
equal  parts,  took  its  origin  from  the  length  of  the  year,  which  (in  round 
numbers)  was  supposed  to  contain  360  days,  or  12  mouths  of  30  days  each. 
The  12  signu  correspond  to  the  12  months.  The  term  minute  is  from 
the  Latin  minutum,  which  signifies  a  small  part.  The  term  second  is  an 
abbreviated  expression  for  second  minutes,  or  minutes  of  the  secofid  order. 
Signs  are  used  in  astronomy  as  a  measure  of  the  zodiac. 

II.  Unit. — The  unit  is  the  degree,  which  is  ^^^  of  the  circumference  of  a 
circle.  A  quadrant  is  one-fourth  of  a  circumference,  or  90°.  A  minute  of 
the  earth's  circumference  is  called  a  geographic  mile. 

III.  Divisions. — The  divisions  of  the  circumference  are  not  of  absolute 
length,  but  are  merely  equal  parts,  indicating  the  size  of  angles.  Thus,  a 
quadrant,  whether  the  circle  is  large  or  small,  measures  a  rig?U  angle. 


MEASURES   OF   TIME. 

401*  Time  is  a  portion  of  duration.  The  measures  of 
time  are  fixed  by  the  revolution  of  the  earth  on  its  axis  and 
around  the  sun. 

40!3«  A  Day  is  the  time  of  the  revolution  of  the  earth 
upon  its  axis ;  a  Year  is  the  time  of  the  revolution  of  the 
earth  around  the  sun 

TABLE. 


60  seconds  (sec.) 

=     1  minute 

min 

60  minutes 

=     1  hour    . 

h 

24  hours    . 

=     1  day     . 

da. 

365  days 

=     1  common  year 

yr- 

366  days      . 

=     1  leap  year    . 

yr. 

100  years    . 

=     1  century 

ALSO. 

cen. 

7  days 

=     1  week  . 

wk. 

4  weeks     . 

=     1  lunar  month 

mo. 

=     1  year 


12  calendar  months,  or 

13  lunar  months,  1  da.,  6h., 

yr.      mo.       wk.       da.          h.  min. 

C366  =  8760  =  526600  = 

1366  =  8784  =  527040  = 

1  =   7  =  168  =  10080  = 

1  =   24  =  1440  = 

1  =  60  = 


1  =  12  = 


yr- 

sec. 

31536000 

31622400 

604800 

86400 

3600 


Asa/e.— Ascending,  60,  60,  24, 7 ;  descending,  7,  24,  60,  60. 
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I.  Terms. — Second  and  minute  are  parts  of  an  hour,  corre8|X>n(.liijg  to 
the  parts  of  a  degree  in  Circular  Measure.  Hour  is  derived  from  the  I^tin 
horoj  originally  a  definite  space  of  time  fixed  by  natural  laws ;  a  day,  de- 
lived  from  the  Saxon  daegj  is  the  time  of  the  revolution  of  tlie  earth  uppc 
its  axis ;  a  iceek  is  a  period  of  uncertain  origin,  but  which  has  been  used 
from  time  immemorial  in  £astem  countries ;  a  month,  from  Saxon  monadh, 
from  ttiona,  the  moon,  is  the  time  of  one  revolution  of  the  moon  around 
tfie  earth ;  a  year,  from  Saxon  gear,  is  the  time  of  the  earth's  revolution 
around  the  sun  ;  a  century  comes  from  the  Latin  centuria,  a  collection  of  a 
hundred  things. 

II.  Unit. — The  unit  of  tune  is  the  day  ;  it  is  determined  by  the  revolu- 
tion of  the  earth  on  its  axis.  The  Sidereal  Day  is  the  exact  time  of  tlie 
revolution  of  the  earth  on  its  axis.  The  Solar  Doy^^  the  time  of  the  ap- 
parent revolution  of  the  sun  around  the  earth.  The  Astrotiomical  Bay  is 
tho  solar  day,  beginning  and  ending  at  noon.  The  Civil  Day  is  tlie  aver- 
age length  of  all  the  solar  days  of  the  year  ;  it  begins  at  12  o'clock  mid- 
night, and  consists  of  two  periods  of  12  hours  each. 

THE  CALENDAR. 

403.  The  Calendar  is  a  division  of  time  into  periods 
adapted  to  the  purposes  of  civil  life. 

404.  The  Year  is  divided  into  12  calendar  months, 
three  of  which  constitute  a  period  called  a  Season, 

405.  The  seasons,  months,  and  number  of  days  in  each, 
are  given  in  the  following  table ; 

No.  OF  Days. 

.  31 

.  28  or  29 

.  31 

.  30 

.  31 

.  30 

.  31 

.  31 

.  30 

.  31 

.  30 

.  31 


No.  OF  Mo, 

Month. 

1 
2 
3 

,    January, 
.     February, 
.     March, 

4 
5 
6 

.    April, . 
.    May,   . 
.    June,  . 

7 

8 

9 

10 

11 

.    July,  . 
.    August, 
.    September, 
.    October, 
.    November, 

12 

.    December, 

L  Names. 

—January  is  derive* 

Season. 
jWmter,    | 

■{ 


^Summer. 

>- Autumn 
Winter, 


. — January  is  derived  from  JantM,  the  god  of  the  year,  to  whom 
this  month  was  sacred.  February  is  from  fehrua,  the  Roman  festival  of 
expiation,  celebrated  on  the  15th  of  this  month.  January  and  February 
were  added  to  the  Roman  calendar  by  Numa,  Romulus  having  previously 
divided  the  year  into  10  months.  March  is  from  Mars,  the  god  of  war  and 
reputed  father  of  Romulus.  It  was  the  first  month  of  the  Roman  calen- 
dar. April  is  probably  from  the  Latin  aptHre,  to  open,  from  the  opening 
of  the  buds  or  the  bosom  of  the  earth  in  producing  vegetation.  May  \b 
from  Maia,  the  mother  of  Mercury,  to  whom  the  Romans  offered  sacrffices 
on  the  first  day  of  this  month.  June  is  from  Juno,  the  sister  and  wife  of 
Jupiter,  to  whom  it  was  sacred.  July  was  named  by  Mark  Antony  after 
Julius  Caesar,  who  was  bom  in  this  month.  It  was  previously  called 
Quin tills.  Aujgrust  was  named  9.fter  Augusiui  C«&«A.T^^\kO  «:ii\ft7c^^  >x>^\v 
his  first  coneulHte  in  this  month.    It  "waa  toTitvexV^  csiJ^fiA  ^^-^^C^v^^* 
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ilnh  moDth.  September,  October,  DoTeitiber,  December,  arc  reepcctl*OIj 
Daiacd  from  the  Latin  iiumeruls,  iSepteiH,  Orlo,  A'ovem.  and  Jitcan,  aa, 
wbcn  the  year  began  In  March,  tliey  were  tlie  seventh,  eighth,  ninth,  Mid 
tenth  muuths,  as  thetr  names  ludluate,  ll  will  be  uudced  tbat  we  have  do- 
rived  our  names  uf  the  mouths  direetly  I'runi  the  Bomaos,  u  have  nioet  of 
the  nations  of  modem  Europe,  wbile  tbe  days  of  the  week  in  English  are 
derived  from  the  SaiODs. 

II.  The  number  of  days  In  each  mouth  is  easily  remembered  by  Uie  fol- 
lowing stanza  : 

Thirty  days  hatb  September, 

April,  June,  and  November; 

All  the  reat  have  thirty-one, 

Eicepting  February  alone ; 

To  whiuh  we  twenty-eight  assign. 

Till  leap  year  gives  It  twenty-Dine. 

4O0.  The  time  from  aay  day  of  oue  month  to  e.uy  day 
of  aDOtber  month  in  the  same  year  is  readily  fouad  by  the 
following  table: 

TABLE 

i  NOMBBB  OF  BAIS  fBOM  iNT  DAT  OF  ONB  HOMTH  TO 


Fbom  *mv 

TOTHESAMB.ArO, 

Ian.  Feb.'Mur|Apr 

MiyjJ'ue 

July  Aug  Sep. 

Oct.  Nov' Dec 

January 

aVi'     31 1     6B 

BO 

120l  151 

181    313    SIS 

3731  304  334 

February 

3-t*    3M|     88 

S9 

lao 

lail   I«ll  213    343 

273  303 

March 

30el  33TI  8B5 

3] 

(51 

se 

133    mi>   IS4 

214 

245  375 

AprU 

375'  308:  3-^ 

61 

91    133:   l.'5S 

lUS 

2141344 

May 

atSi  376    301 

33,^ 

ai     93 

12rJ 

IM 

184  314 

June 

314    346i  373 

3W: 

sa^ 

3d!     61 

VI 

133 

133 

1S3 

July 

1S4 

315    313 

274 

304 

335 

3«5t     31 

82 

93 

123 

153 

August 

153 

184  3ia 

S43 

3*3 

SIM 

334   365 

81 

92 

laS 

September 

133 

1S3    ISl 

319 

243 

373 

303   334 

385 

3( 

81 

SI 

October 

93 

133    l.'il 

183 

313 

S43 

373   804 

C35 

31 

61 

November 

Bl 

92    1301  151 

181 

313 

243!  373 

SOI 

33J 

385 

SO 

December 

31 

83      SOI   1311  I5l|   IS', 

313  j  243 

374 

365 

Method  op  usiso  the  Table. — Suppose  we  wish  lo  find  the 
number  of  days  from  March  lOtli  to  November  IGth.  We  find  March 
(D  the  vertical  column,  and  Kovember  at  the  top,  and  at  the  inter- 
section we  find  215,  to  which  adding  6  days  we  have  251,  the  number 
of  days  required. 

The  table  b^g  constructed  for  February  28  days,  the  proper  allow- 
anse  must  be  made  for  leap  year. 

ADJUSTMENT  OF  THE  CALENDAR. 
407.  A  Tme  or  Solar  Year  ie  the  esact  time  iri  which 
the  oarth  rerolveB  around  the  sua.     It  varies  a  little  aa 
given  by  liifforent  authorities,  but  Laplace,  Herechel,  and 
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some  others,  reckon  it  at  365  da.  5  h.  48min.  49.7  sec.  Now 
since  it  is  InconvenieDt  to  reckon  the  fractional  part  of  a 
day  each  year,  it  is  necessary  to  arrange  a  correct  calendar 
in  which  each  year  may  have  a  whole  number  of  days 
This  is  done  by  causing  some  years  to  consist  of  366  days 
and  others  of  366  days.  The  former  are  called  common 
years,  the  latter  Bissextile  or  Leap  years. 

408.  The  Calendar  is  reckoned  according  to  the  follow- 
ing rule  : 

RxQe. — Every  year  that  is  divisible  by  4,  except  the  cen- 
tennial years,  and  every  centennial  year  divisible  by  400,  is 
a  leap  year ;  all  the  other  years  are  common  years. 

Note. — The  centennial  years  are  the  hundredth  years,  or  those  whose 
expressions  in  figures  end  in  two  ciphers. 

Explanation. — I.  If  we  reckon  365  days  as  one  year,  the  time  lost 
in  the  calendar  in  one  year  is  5  h.  48  min.  49.7  sec,  and  in  four  years  is 
23  h.  15  min.  18.8  sec.,  that  is,  one  day,  lacking  only  44  min.  41.2  sec. ; 
hence  the  first  error  can  be  corrected  by  adding  one  day  every  four 
years,  making  the  year  to  consist  of  366  days. 

II.  If  every  fourth  year  be  reckoned  as  leap  year,  since  we  add 
44  min.,  etc.,  too  much,  the  time  gained  in  the  calendar  in  four  years  is 
44  min.  41.2  sec,  and  in  100  years  it  will  be  18  h.  37  min.  10  sec,  that 
is,  (Wie  day  lacking  5  h.  22  min.  50  sec. ;  hence  the  second  error  may  be 
corrected  by  deducting  one  day  from  each  centennial  leap  year,  thus 
calling  each  centennial  year  a  common  year  of  365  days. 

III.  Again,  if  every  centennial  year  be  reckoned  as  a  common  year, 
since  we  do  not  add  enough,  the  time  lost  in  100  years  will  be  5h, 
22  min.  50 sec,  and  in  400  years  it  will  be  21  h.  31  min.  20 sec;  hence 
the  time  lost  in  400  years  will  be  1  day  lacking  2h.  28  min.  40  sec,  and 
this  error  may  be  rectified  by  making  every  4th  centennial  year  a  leap 
year.  In  the  same  way  we  may  make  the  calendar  correct  for  any 
number  of  years. 

Notes. — 1.  The  reckoning  of  time  among  the  ancients,  owing  to  their 
ignorance  of  astronomy,  was  very  inaccurate.  The  calendar  adopted  by 
Romulus  consisted  of  only  ten  months,  but  Numa  added  two  more,  and 
arranged  a  system  of  intercalations,  which,  had  it  been  adhered  to,  would 
have  made  the  year  to  average  365^  days.  But  changes  were  frequently 
made  for  political  reasons,  and  the  calendar  fell  into  such  confusion  that 
the  civil  equinox,  in  the  time  of  Caesar,  diff'ered  from  the  astronomical  by 
three  months.  The  calendar  was  reformed  by  Julius  Caesar,  46  B.  C,  who 
decreed  that  the  year  should  consist  of  365^  days,  and  since  it  was  not 
convenient  to  count  the  i  of  a  day  every  year,  every  4th  year  was  made 
to  consist  of  366  days.  This  extra  day,  called  the  inter-calary  day,  was 
introduced  by  counting  the  24th  of  February  twice.  This  day,  being  the 
sixth  before  the  kalends  of  March,  the  years  containing  it  were  called 
bUMxtile  (bis-textile),  having  two  sixths.  With  us  it  is  called  Leap  Year 
because  it  leaps,  as  it  were,  over  a  day. 

2.  The  correction  of  Caesar  assumed  the  year  to  <icv\\%\&\.  c\^  *?!!^^  ^^m^^x 
6  hours,  which  is  11  min.  10.3  sec.  too  mucVv  *,  \vftivQ,t  \vV6>  QWTVix>^sscv  ^'^'^^^ 
duced  a  slight  error,  which  in  \58^  \\aOL  au\ov\uVfe'\  v»  \^  v\^>i%— "Owv^  ^-^^ 
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fear  being  10  days  behind  the  solar  year.  In  1582  Pope  Gregory  corrected 
the  error  by  striking  10  days  out  of  the  calendar,  calling  the  5th  of 
October  the  15th,  and  ordering  that  henceforth  only  those  centennial  years 
should  be  leap  years  which  are  divisible  by  400. 

8.  The  Gregorian  calendar  was  soon  adopted  by  most  Catholic  countries. 
Great  Britain  adopted  the  change  in  1752,  calling  the  8d  of  September  the 
14th,  the  error  having  amounted  to  11  days.  Russia  and  the  other  coun- 
tries of-  the  Greek  Church  still  adhere  to  the  Julian  calendar,  their  datci 
being  now  about  12  days  behind  ours.     The  two  calendars  are  distiu- 

f'uished  as  Old  Style  and  New  Style,  marked  O.  S.  and  N.  S.  respectively, 
u  the  Old  Style  the  civil  or  legal  year  commenced  on  the  25th  of  March, 
while  the  historical  year  commenced  on  the  first  of  January,  and  dates 
lietwoen  those  days  were  marked  with  the  number  of  both  years ;  thus, 
January  30th,  1549,  is  frequently  found  written,  Jan.  30th,  164f.  The 
New  Style  made  the  civil  year  commence  also  on  the  1st  of  January. 

EXAMPLES    FOH    PRACTICE 

1.  How  many  miuutes  in  a  leap  year?      Ans.  527040. 

2.  How  many  seconds  in  a  solar  year?  -^ns.  31556929.7. 

3.  How  many  leap  years  from  1800  to  1861?    A7i8,  15. 

4.  How  many  "  in  1  quadrant  and  1 2°  ?    Ans.  367200". 

5.  How  many  days  from  June  15  to  Dec.  9  ?    Ans.  177. 

6.  How  many  days  in  the  16th  century?      Ans,  36525. 

7.  How  many  degrees  in  17651  "?       Ans.  4°  54'  11". 

8.  In  6S.  25°  56',  how  many  minutes?       Ans,  12356. 

9.  How  many  minutes  from  15  miuutes  past  9  a.  m.  to 
20  minutes  of  12  a.  m.?  Ans,  145. 

10.  How  many  hours  and  minutes  from  7  h.  25  min.  a.  m. 
to  3h.  45  min.  p.  m.?  Ans,  8h.  20  min. 

11.  In  what  time  does  a  fixed  point  on  the  earth's  surface 
pass  through  60°  15'  30"  ?  Ans,  4  h.  1  min.  2  sec. 

12.  How  many  lunar  months  of  29  da.  12  h.  44  min.  2.7 
sec.  in  a  solar  year?  Ans,  12.36+. 

18.  The  average  daily  motion  of  Mercury  is  4°  5'  32.42"; 
how  long  will  it  require  to  complete  a  revolution  in  its  orbit? 

Ans.  87  da.  23  h.  15  min.  43.6— sec. 

14.  In  the  Julian  calendar  a  year  equals  365  da.  6  h. ;  io 
how  many  years  was  a  day  gained?  Ans.  128.89  +  . 

15.  Venus  revolves  around  the  sun  in  224  da.  16  h.  49  min. 
7.98  sec. ;  what  is  its  daily  motion?       Ans.  1°  36'  7.67". 

16.  A  steamer  sailing  due  east  at  the  equator  changes  her 
longitude  3'  every  15  minutes;  how  many  knots  an  hour  ia 
9bv  making'^  Ayis.  12  knots. 
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MISCELLANEOUS  TABLES. 

409.  The  following  tables  are  frequently  used,  the  first 
in  counting  certain  kinds  of  articles,  and  the  second  in  the 
paper  trade. 


Paper. 

24  sheets  =  1  quire. 
20  quires  =  1  ream. 
480  sheets  =  1  ream. 


Counting. 

12  units  =  1  dozen. 
12  dozen  =  1  gross. 
12  gross  =  1  great  gross. 

20  units  =  1  score. 

I.  Two  thiugs  of  a  kind  are  frequently  called  a  pair  and  six  a  $et, 

II.  Paper  is  sold  at  retail  by  sheets  and  quires,  and  at  wholesale  by  reams. 

BOOKS. 

410.  In  printing  books  large  sheets  of  paper  are  used, 
which  are  folded  into  leaves  according  to  the  size  of  the  book. 
The  terms  folio j  quarto ,  octavo ,  etc.,  as  applied  to  printed 
books,  are  based  on  sheets  about  18x24  in.,  about  half  the 
sizes  now  generally  used,  and  indicate  the  number  of  leaves 
into  which  such  a  sheet  is  folded. 

A  sheet  folded  in    2  leaves  is  called  a  folio,  makes  4  pages. 

A  sheet  folded  in    4  "  a  quarto  or  4to,  makes  8  pages. 

A  sheet  folded  in    8  **  an  octavo  or  8vo,  makes  16  pages. 

A  sheet  folded  in  12  **  a  12mo,  makes  24  pages. 

A  sheet  folded  in  16  "  a  16mo,  makes  32  pages. 

A  sheet  folded  in  18  "  an  18mo,  makes  36  pages. 

A  sheet  folded  in  24  "  a  24mo,  makes  48  pages, 
etc.                                                               etc. 

Note. — Printing  paper  is  made  of  many  sizes,  according  to  the  require- 
ments of  the  printer.  In  book  printing  24x38  inches,  called  3oubl€ 
Mediumy  is  perhaps  used  most  largely. 

411«  Clerks  and  copyists  are  often  paid  by  the  folio  for 
making  copies  of  legal  papers,  records,  and  documents. 
72  words  make  1  folio,  or  sheet  of  common  law. 
90       "         *'      1     "      '*       *'      "   chancery. 

EXAMPLES    FOR    FHACTICE. 

1.  A  cabinet-maker  uses  48  screws  a  day  ;  how  many 
gross  will  he  use  in  4  weeks?  Ans.  8  gross. 

2.  The  agent  of  a  Liverpool  steamer  ships  for  the  voyage 
4128  eggs  packed  in  8  boxes;  how  many  dozen  in  a  box? 
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3.  A  weekly  newspaper  has  4750  subscribers ;  how  much 
printing  paper  would  it  require  in  1  year  ? 

Ans.  614  reams,  II  quires,  16  sheets. 

4.  On  taking  an  account  of  stock,  a  hardware  merchant 
finds  he  has  on  hand  II  gross  3.75  dozen  of  white  door 
knobs;  what  is  the  number  of  knobs?  Ans,  IG29. 

5.  How  much  paper  is  required  to  issue  an  edition  of  2000 
copies  of  a  16mo.  book  of  416  pp.,  allowing  I  quire  in  a  ream 
for  waste  ?  Ans.  57  reams,  9  sheets. 

6.  A  lady  copies  11,700  words  of  common-law  folios,  at 
10/ per  folio;  what  does  she  receive?  Ans.  $16.25. 

7.  A  chancery  case  contains  561,420  words;  what  does 
the  copying  cost  at  12^/  per  folio  ?  Ans.  $779.75. 

8.  A  stationer,  on  making  an  inventory  at  the  close  of 
the  year,  finds  that  he  has  on  band  1 1  packages  of  Gillott's 
steel  pens  of  a  dozen  boxes  each,  a  broken  package  contain- 
ing 10  boxes,  and  an  open  box  containing  7  doz.  5  pens ;  if 
each  box  contains  1  gross,  how  many  pens  has  he  on  hand  ? 

Ans.  20,537  pens. 

THE  METRIC   SYSTEM. 

412.  In  the  Metric  System  we  first  establish  the  unit 
of  each  measure,  and  then  derive  the  other  denominations  by 
taking  decimal  multiples  and  divisions  of  the  unit.  Any 
quantity  consisting  of  several  denominations  is  thus  written 
and  treated  as  an  integer  and  decimal. 

413*  Names. — We  first  name  the  unit  of  any  measure, 
and  then  derive  the  other  denominations  by  prefixing  words 
to  the  unit  name. 

414*  The  higher  denominations  are  expressed  by  prefix- 
ing to  the  name  of  the  unit, 

Deka  Hecto  Kilo  Myria 

10  100  1000  10000 

415.  The  lower  denominations  are  expressed  by  prefixing 
10  the  name  of  the  unit, 

DeCI  CeNTI  MlLLl 
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4]6«  Units. — The  following  are  the  different  units,  with 
the  English  pronunciation : 


Measure.         Unit.  Pronunciation. 

Length,  Meter,        (meter.) 

SuBPACE,  Are,  (air.) 

Volume,  Htere,        (stair.) 


Measure.  Unit      Pronunclatloii. 

Capacity,  Liter,        (leeter.) 

Weight,  tiram,       (gram.) 

Value,  Dollar, 


In  1795,  France  adopted  a  system  of  weights  and  measures  hased 
upon  the  decimal  scale,  called  the  Metric  System.  This  has  been  adopted 
by  Italy,  Spain,  Portugal,  many  parts  of  Spanisli  America,  Belgium, 
Holland,  Germany,  Austria,  Switzerland,  Sweden,  Denmark,  Greece, 
Mexico,  and  Brazil.  In  1864,  the  Parliament  of  Great  Britain  passed 
an  act  permitting  its  use  throughout  the  United  Kingdom  wherever  par- 
ties should  agree  to  use  it. 

In  1866  its  use  was  authorized  in  this  country  by  Congress,  and  to  fur- 
nish a  convenient  standard  of  comparison,  and  render  the  public  familiar 
with  the  new  measures,  the  five-cent  piece  issued  at  this  time  was  ordered 
to  be  made  5  grams  in  weight,  and  ^^  of  a  meter  in  diameter.  The  sys- 
tem has  not  yet  come  into  general  use  in  this  country,  but  is  employed 
in  .the  natural  sciences,  and  to  some  extent  in  the  U.  S.  Coast  Survey  and 
other  branches  of  the  public  service. 

The  base  of  the  system  is  the  meter,  which  is  TTrffuV^nnr  of  ^he  distance 
from  the  equator  to  either  pole,  as  determined  with  the  greatest  care  by 
the  measurement  of  an  arc  of  the  meridian. 

MEASURES  OF  LENGTH. 
417«  The  Meter  is  the  unit  of  length.     It  is  the  ten-mil- 
lionth part  of  the  distance  from  the  equator  to  the  poles,  and 
equals  39.37  inches,  or  3.28  feet.     The  standard  meter  is  a 
bar  of  platinum  deposited  in  the  archives  of  Paris. 

Table — 10  millimeters  (mm.)  =  1   centimeter  (em.);  10 

centimeter8=l  decimeter  (dm.);  10  decimeter8=l  meter,  (M.); 

10  meter8=l  decameter  (DM.);  10  decameters=l  hectometer 

(UM.);  10  hectometer8=  1  kilometer  (KM.);  10  kilometers= 

1  myriameter  (MM.). 

Notes. — 1.  The  meter  is  very  nearly  3  feet,  3  inches,  and  3-eighth8  of  ai* 
Inch  in  length,  which  may  be  easily  remembered  as  the  rule  of  three  threes. 

2.  Cloth,  etc.,  are  measured  by  the  meter ;  very  small  distances,  by  the 
millimeter ;  great  distances,  by  tlie  kilometer. 

3.  The  5-cent  piece  of  1866  is  very  nearly  ^^  of  a  meter  in  diameter ; 
hence  its  diameter  Is  about  ^  of  a  decimeter ^  or  2  ce^itimeiers.  It  was  ordered 
to  be  TJijj  of  a  meter  in  diameter,  but  owing  to  the  composition  of  the  alloy 
it  was  necessary  to  make  its  diameter  a  little  greater  ;  48.6  nickel  5-cent 
nieces  laid  side  by  side  measure  one  meter. 

4.  A  decimeter  is  about  4  inches ;  a  kilometer^  about  200  rods,  or  f  of  a 
mile  ;  a  millimeter,  about  ^  of  an  inch.  Theinch  is  about  2^  centimeters  : 
the  foot  3  decimeters  ;  the  rod,  5  motors  ;  the  mile,  1600  meters^  or  IfeX^wv 
tometers. 
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MEASURES  OF  SURFACE. 

41 8.  The  Are  is  the  unit  of  surface  used  to  measure 
land.  The  are  ia  s.  square  decameter.  It  equals  119.6  sq. 
yd.,  or  0.0247  acre. 

Table. — 10  centiares  (ea.)  =  l  deciare  (da.);  10  declares— 
I  are  (A.);  10  are8=:l  decare  (DA.};  10  decart^8=l  hect- 
are (HA.). 

Notes. — 1.  The  are,  centiare,  and  hectare  are  the  denominations  princl- 
pally  used,  as  these  are  exact  squares.  The  centiareis  a  square  whose  side 
is  1  meter  ;  the  hectare  is  a  square  whose  side  is  100  meters.  The  are  = 
100  square  meters.  The  centiare  =  1  square  meter.  The  hectare  =  10,000 
square  meters. 

2.  The  deciare  is  not  a  square,  it  is  merely  the  tenth  of  an  are ;  the  decare 
is  not  a  square,  it  is  merely  10  ares. 

3.  A  hectare  equals  very  nearly  2^  acres ;  a  centiare  equals  nearly  1^  sq 
yd.    An  acre  is  very  nearly  40  ares. 

MEASURES  OF  OTHER  SURFACES. 
410*  All   surfaces   besides   land   are    measured   by  the 
square   meter^   square  decimeter^   etc.     The  measures  are 
shown  by  the  following  table  : 

Table. — 100   sq.    millimeters   (mni2.)=l    sq.    centimeter 

(cm.^j;  100  sq.  centimeters  =  1  sq.  decimeter  (dm. 2);  100  sq. 

decimeter8=l  sq.  meter  (M^.). 

Note. — The  measures  higher  than  these  are  not  generally  used.  The 
usual  method  of  notation  is  to  write  sq.  before  the  denomination;  but  1 
suggest  as  an  abbreviation  that  we  indicate  the  square  by  an  exponent. 

MEASURES  OF  VOLUME. 

4t20.  The  Stere  is  the  unit  of  volume.  It  is  a  cubic 
meter  J  and  equals  35.3166  cubic  feet,  or  1.308  cu.  yd. 

Table. — 10  decisteres  (d8.)=l  stere  (S.);  10  steres — 1 
decastere  (DS.). 

Note. — Wood  is  measured  by  this  measure.  The  stere,  decastere ,  and 
^lecistere  are  principally  used.  3.6  steres,  or  36  decisteres  very  nearly  equal 
the  common  cord. 

MEASURES  OF  OTHER  VOLUIiIES. 
4I31.  Other  solid  bodies  are  usually  measured  by  the 
cubic  meter  and  its  divisions.     The  measures  are  shown  by 
the  following  table : 

Table. — 1000  cubic  millimeters  (mm.8)=l   cubic  centi 


IHE    METRIC    SYSTEM.  187 

meter  (cm.*);   1000  cubic  centimeters^  1    cubic  decimetei 
(dm.*);  1000  cubic  decimeters^l  cubic  meter  (M^.)* 

NoTB. — ^The  higher  denominations  are  not  generally  used.  I  indicate 
the  cubic  measures  with  an  exponent,  instead  of  writing  ct«.  before  the 
denominations. 

MEASURES  OF  CAPACITY. 

422.  The  Liter  is  the  unit  of  capacity.  It  equals  a 
cubic  decimeter ;  that  is,  a  cubic  vessel  whose  edge  is  one- 
tenth  of  a  meter.  It  is  used  for  measuring  liquids  and  dry 
substances.  The  liter  is  a  cylinder,  and  holds  2.1135  pints 
wine  measure,  or  1.816  pints  dry  measure. 

Table. — 10  milliliters  (ml.)  =  I  centiliter  (cl.)  ;  10  centi- 
litcr8=l  deciliter  (dl.) ;  10  deciliters=  1  liter  (L.)  ;  10  liters 
=  1  decaliter  (DL.) ;  10  decaliter8=I  hectoliter  (HL.) ;  10 
hectoliter8=l  kiloliter  (KL.) ;  10  kiloliters=l  myriallter 
(ML.). 

Notes. — 1.  The  liter  \q  principally  iised  in  measuring  Ziguids,  and  the 
hectoliter  in  measuring  grains,  etc. 

2.  The  lUer  equals  nearly  \^  liquid  quarts,  or  ^  of  a  dry  quart,  or 
nearly  ^  of  a  bushel  measure. 

3.  The  hectoliter  is  about  2f  bushels  or  |  of  a  barrel.  4  liters  are  a  little 
more  than  a  gallon  ;  35  liters,  very  nearly  a  bushel, 

MEASURES  OF  WEIGHT. 

4!33*  The  Gram  is  the  unit  of  weight.  It  is  the  weight 
of  a  cubic  centimeter  of  distilled  water  at  the  temperature 
of  melting  ice.     The  gram  equals  15.432  Troy  grains. 

Table. — 10  milligrams  (Mig.)=I  centigram  (eg.);  10 
centigram9=l  decigram  (dg.)  ;  10  decigrams=l  gram  (G.); 
10  grams=l  decagram  (DG.) ;  10  decagrams=l  hectogram 
(HG.);    10    hectograms=lkilogram  (KG.,  or  K.) ;    10  kilo- 

grams=l  myriagram  (MG.). 

Notes. — 1.  The  ^ram  is  used  in  welfi:hing  letters,  in  mixing  and  com 
poLuding  medicines,  and  in  weighing  all  very  light  articles.    The  five-cent 
coin  adopted  1866  weighs  5  grams. 

2.  The  kilogram  is  the  ordinary  unit  of  weight,  and  is  generaUy  abbrc 
yiated  into  kilo.    It  equals  about  2|  pounds  avoirdupois.    Meats,  sugai', 
etc. ,  are  bought  and  sold  by  the  kilogram. 

3.  In  weighing  heavy  articles,  two  other  weights,  the  quintal  (100  kilo- 
grams) and  the  tonneau  ( 1000  kilograms)  are  used.  The  tonneau  is  be- 
tween our  short  ton  and  long  ton. 

4.  The  avoirdupois  ounce  is  about  28  grams ;  the  pmtnd  is  a  little  lesfl 
than  ^  a  kilo.  The  U.  S.  post  offices  receive  15  grams,  though  a  UtlU 
overweight,  as  equivalent  to  an  ounce  a\o\rduvo\&. 
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5.  Some  of  the  old  weights  and  measures  are  still  used  in  France ;  1 
livre  =  i  a  kilogram  ;  1  marc  =  ^  a  livre ;  1  once  =  ^  a  marc ;  1  gros  = 
^  an  once  ;  1  grain  =  i^  gros  ;  1  toise  =  2  m6tres  ;  1  pied  or  foot  =«  \ 
mdtre ;  1  inch  =  ^  pied  or  foot ;  1  atine  =  1^  m6tres ;  1  boisseau  or 
bushel  =^12 J  litres;  1  lition  =  1.074  Paris  pints.  When  these  are  em- 
ployed, the  word  tisuel  is  annexed  to  them,  signifying  customary, 

434.  Units    of   the   common   system   maj  readily   bo 
changed  to  those  of  tlie  Metric  System  by  the  following 


TABLE. 

I  Inch  =  2.54  Centimeters. 

1  Foot  =  30.48  Centimeters. 

1  Yard  =  .9144  Meter. 

1  Rod  =  5.029  Meters. 

1  Mile  =  1.6093  Kilometers. 

1  Sq.Inoh=:^6.4528  Sq.  Centimeters. 

1  Sq.  Foot=929  Sq.  Centimeters. 

1  Sq.  Yard  =  .8361  Sq.  Meters. 

1  Sq.  Rod  =  25.29  Centiares. 

1  Acre  =  40.47  Ares. 

1  Sq.  Mile  =  259  Hectares. 


1  Cu.  Inch  =  16.39  Cu.  Centim. 

1  Cu.  Foot  =  28320  Cu.  Centim. 

1  Cu.  Yard  =  .7646  Cu.  Meters. 

1  Cord  =  3.625  Steres. 

1  Fl.  Ounce  =  2.958  Centiliters. 

1  Gallon  =  3.786  Liters. 

1  Bushel  =  .3524  Hectoliters. 

1  Troy  Gr.  =  64.8  Milligrams 

1  Troy  lb.  =  .373  Kilo. 

1  Av.  lb.  =  .4536  Kilo. 

1  Ton  =  .907  Tonneau. 


NUMERATION  AND  NOTATION. 

425.  In  the  Metric  System  the  decimal  point  is  placed 
between  the  unit  and  its  divisions,  the  whole  quantity  being 
regarded  as  an  integer  and  a  decimal.  Thus,  3  decagrams,  5 
grams,  6  decigrams,  8  centigrams,  are  written  35.68  grams. 

Note. — The  initials  of  the  denomination  may  be  placed  either  before  or 
after  the  quantity,  though  they  are  most  frequently  placed  after  it ;  thufi, 
^7  grams  may  be  written  G27,  or  27G. 

EZEHCISES   nr   ITITMEHATIOIT   AlTD    ITOTATIOIT. 

1.  Read  48.64  M.,  85.87  A.,  48.89  M^ 

2.  Read  854.17  8.,  506.347  L,,  4007.563  G. 

3.  Write  12  meters,  3  decimeters,  5  centimeters. 
4..  Write  8  hectares,  10  ares,  17  cfentiares. 

5.  9  kilograms,  5  hectograms,  4  grams  and  1  centigrano 

•  REDUCTION  OF  THE  METRIC  SYSTEM  TO  THE 

COMMON  SYSTEM. 

1.  How  many  pounds  Av.  in  488.125  grams'/ 

Ans.  1  lb.  1  oz.  95.245  gr. 

2.  Grams  in  24  pounds  Troy  ?  Ana,  8958.009  G. 
'  S,  Meters  in  4  mi.  240  rd?                   Ana.  *\U4;?»^^1KI. 
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4.  Miles  in  2000  meters  ?    Ans.  1  mi.  17  rd.  11  ft.  2  in 

5.  Acres  in  101 1.2  ares  ?  Ans,  24  A.  156.2624  P. 

6.  Ares  in  11  A.  48  P.?  Ana.  46T.489  A. 

7.  Cu.  ft.  in  429.66  steres?       Ann.  15170.5987  cu.  ft. 

8.  Steres  in  32  cu.  yd.  16  cu.  ft.?  Ans.  24.917  S. 

9.  Gallons  in  90.1  liters?  Ans,  23 gal.  3  qt. 

10.  Liters  in  73  gallons  ?  Ans.  276.319  L. 

11.  Bushels  in  130.5  liters  ?         Ans,  3  bu.  2  pk.  6.49  qt 

FRACTICAX.  FROBT.KMS. 

1.  What  cost  48.625  meters  of  cloth,  if  9.725  meters  cost 
|3C.t5  f  Ans.  $183.75. 

2.  What  must  I  pay  for  75.25  steres  of  wood  at  the  rate 
of  $2.65  a  stere  ?  Ana.  $199.41. 

3.  Bought  15.25  liters  of  wine  in  Bordeaux,  at  75.5  francs 
a  liter  ;  what  is  the  cost  in  TJ.  S.  money  ?     Ans.  $222.22 

4.  How  much  must  be  paid  for  12.5  grams  of  jewels,  at 
$6.50  a  gram  ?  Ans.  $81.25. 

5.  What  is  the  cost  of  672.25  grams  of  opium  at  62^/  a 
gram?  ^ns.  $420.16. 

6.  Mr.  Brown  imported  for  his  house  35.429  meters  of 
French  carpet,  at  19.75  francs  a  meter,  including  duty  ;  re- 
quired tlie  whole  cost.  Ans,  699.72 +fr. 

7.  Mr.  Winslow  bought  a  valuable  gem  in  Paris  which 
weighed  245.25  grams,  @  10.25  francs,  duty  $4.75;  how 
must  he  sell  it  a  gram  to  clear  $100  ?  Ans,  $2.41. 

8.  An  importer  bought  428.5  grams  of  drugs  in  France, 
at  12.5  francs  a  gram,  paid  31^  cents  a  gram  duty  and 
freight,  and  sold  them  for  $2.25  a  gram  ;  how  much  was 
gained  or  lost?  Ans.  Lost  $204.61. 

9.  I  bought  175.25  liters  of  French  brandy  at  7.50  francs 
a  liter,  paid  15  cents  a  liter  duty  and  freight,  and  sold  it  in 
New  York  at  $1.65  a  liter ;  how  much  did  I  gain  ? 

Ans.  $9.20. 

10.  Jordan,  Marsh,  &  Co.  bought  200  meters  of  silk  in 
Lyons,  at  16.25  francs  a  meter;  after  paying  $2  a  yard  duty 
and  freight,  they  sold  it  in  Boston  at  $6.12^  a  yard  ;  what 
was  their  profit  ?  An^.  %^\V.^^. 
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REDUCTION  OF  COMPOUND  NUMBERS. 

4I3G.  Reduction  is  the  process  of  changing  a  number 
from  one  denomination  to  another,  without  altering  its  value. 

4!S7«  There  are  Two  Cases :  Reduction  Descending  and 
Rediwtion  Ascending, 

These  two  cases  have  been  considered  in  the  examples  under  the 
tables,  but  we  will  present  a  few  more  problems  under  their  proper 
heads. 

REDUCTION   DESCENDING. 

428.  Reduction  Descending  is  the  process  of  reduc- 
ing a  number  to  a  lower  denomination 

1.  Reduce  £8  6  s.  4  d.  to  pence. 

Solution. — In  1  pound  there  are  20  shillings, 
and  m  £8  there  are  8  times  20  siiiliings,  plus  6  shil- 
lings are  166  shillings :  in  1  shilling  there  are  12 
pence,  and  in  166  shillings  there  are  166  times  12 
pence,  plus  4  pence  equals  1996  pence.  Therefore, 
etc 

1996d.,  ^n«. 

Rule. — I.  Multiply  the  number  of  the  highest  denominor 
Hon  given,  by  the  number  of  units  of  the  next  lower  denomi- 
nation which  equals  one  of  this  higher,  and  to  the  product 
add  the  number  given,  if  any,  of  this  lower  denomination. 

II.  Multiply  this  result  as  before,  and  proceed  in  the  same 
manner  until  we  arrive  at  the  required  denomination, 

2.  Reduce  81b.  4  oz.  6pwt.  12  gr.  to  gr.  Ans.  48156. 
8.  Reduce  91b.  11  ^^  3  3  29  4gr.  to  gr.  Ans,  57344. 
4.  Reduce  124  A.  140  P.  to  sq.  yd.  Ans.  604395. 
a.  Reduce  120  cd.  6  cd.  ft.  to  cubic  feet.  Ans.  15456. 

6.  Reduce  52  hhd.  24  gal.  3qt.  to  pints.        Ans,  26406. 

7.  6  Circ.  10  S.  16°  20'  20"  to  seconds.    Ans.  8914820. 

8.  Cong.  vij.  0.  iv.  f§  vj.  f^iij.  to  minims.  Ans.  463860. 

9.  A  farmer  sold  16  A.  132  P.  of  land  at  $1.25  a  square 
rod  ;  how  much  did  he  receive  ?  Ans.  $3365. 

10.  A  man  bought  6bu.  3pk.  5  qt.  of  berries  for  $10.25, 
and  sold  them  at  IC  cents  a  quar  •,  how  much  did  he  gain? 

Ans.  $11.85. 
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REDUCTION  ASCENDING. 

429*  Reduction  Ascending  is  the  process  of  reduc- 
ing a  number  to  a  higher  deuomination. 

1.  In  246374  grains,  how  many  pounds  ? 

Solution. — There  are  24  gr.  in  oPiiRATiON. 

I  pwt.,  hence  in  246374  gr.  there  are  ^j.^ 

9S  many  pwt.  as  24  is  contained  24^246374 

times  in   246374,  which  is  10265  oTTTrT^r  .  i^ 

I>wt.  and  14  gr.  remaining:  there  20)10265+14 gr. 

are  20  pwt.  in  1  oz.,  hence  m  10265  12)513+5  pwt. 

pwt.  there  are  as  many  ounces  as  20  42  lb  +9  oz 

is  contamed  tim^  in  10265,  which  ^^^  42  ib.  9  oz.  5  pwt.  14  gr. 
are  513  oz.,  and  5  pwt.  remaining : 
there  are  12  oz.  in  1  pound,  and  in 

513  oz.  there  are  as  many  pounds  as  12  is  contained  times  in  513,  which 
are  42  Ib.  and  9  oz.  remaining.  Therefore  in  246374  grains  there  are 
42  lb.  9  oz.  5  pwt.  14  gr. 

Rule. — I.  Divide  the  given  number  by  the  number  pf 
units  in  that  denomination  which  equals  one  of  the  next 
higher. 

II.  Divide  the  quotient  in  the  same  way,  and  thus  proceed 
until  we  arrive  at  the  required  denomination. 

III.  The  last  quotient  and  the  remainders,  if  any,  will  be 
the  result  required. 

2.  346256 gr.  to  lb.  Ans.  601b.  I5  23  29  16  gr. 
a.  4763254  li.  to  miles.  Ans.  595  mi.  32  ch.  54 11. 
4.  764325  cu.  in.  to  cubic  yards. 

Ans.  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

6.  74625  m.  to  Cong. 

Ans.  1  Cong.  1  0.  11  f^  3  ft  45  n. 
(>•  25627542  sq.  li.  to  acres. 

Ans.  256  A.  2  sq.  ch.  7542  sq.  li. 

7.  The  side  of  a  square  field  is  360  ft.  long ;  how  many 
rods  of  fence  will  enclose  it?     Ans.  87  rd.  1  yd.  1  ft.  6  in. 

8.  A  dealer  sold  I  ton  of  fish  at  $4.00  a  quintal ;  what 
did  it  amount  to?  Ans.  $80.00. 

D.  A  miller  sold  2560  lb.  of  flour  at  the  rate  of  $9.00  a 
barrel ;  what  did  it  amount  to?  Ans.  $117.55. 

10.  Bought  7420  square  rods  of  land  at  $172  an  acre,  and 
sold  it  for  $7000  ;  how  much  did  I  lose  ?       Atvs.  %^\^.^v^. 
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MISCBLiLiAlTSOITS   PROBTiKMS. 

I.  How  manj  times  will  a  wheel  11  ft.  6  in.  in  ciicumfer- 
ence  revolve  in  going  50  miles?  Ans.  2295r^|  times. 

*2.  I  have  a  watch  which  is  18J  carats  fine;  how  much 
pure  gold  is  there  in  it  ?  Ans.  -||  of  the  whole. 

3.  My  watch  is  |  and  nay  chain  |  pure  gold  ;  how  many 
carats  fine  is  each  ?  Arns.  18  carats;  16  carats. 

4.  How  long  will  it  take  to  count  6  millions  at  the  rate 
of  80  a  minute,  working  10  hours  a  day  ?    Ans.  125  days. 

5.  A  young  lady  weighs  125  lb.  Troy  weight;  how  much 
does  she  weigh  Avoirdupois  weight?  Ans.  102^ lb. 

(>•  What  is  the  weight  of  the  silver  in  English  silver  coin 
worth  $447,718?  Ans.  251b.  9  oz.  8pwt.  21.54  gr. 

7.  What  is  the  difference  in  the  weight  of  $960  in  gold 
coin  or  in  silver  half-dollars?  Ans.  601b. 

8.  How  many  demijohns  can  be  filled  from  4hhd.  of  wine, 
each  demijohn  holding  2  gal.  3qt.  1  pt.  ?  Ans.  87^. 

9.  The  Gregorian  calendar  adds  97  days  in  400  years;  how 
long  will  it  require  to  gain  a  day?        Ans.  3874//^ years. 

10.  What  day  of  the  week  and  what  day  of  the  year  is  the 
4th  of  July  in  a  common  year  which  begins  on  Monday? 

II.  A  captain  of  a  vessel,  taking  the  soundings,  found  the 
water  to  be  76.0  fathoms  in  depth;  what  part  of  a  mile  was 
it?  Ans.  ^|. 

12.  How  many  copies  of  a  duodecimo  book  can  be  printed 
on  66  reams  15  quires  of  paper,  using  10  sheets  per  volume? 

Ans.  3204. 

13.  A  grocer  bought  100  bushels  of  coarse  salt  (501b.  to 
a  bushel)  at  62/,  and  sold  it  at  l^  of  a  cent  a  lb. ;  what  was 
his  gain?  Ans.  $31.75. 

14.  Find  the  number  of  minims  in  the  following  prescrip- 
tion: Tincture  of  digitalis  i^xv,  distilled  vinegar  f3j,  syrup 
f^j,  water  f^jss.  Ans.  855Tn.- 

15.  The  wheels  of  a  locomotive  are  15  ft.  3  in.  in  circum- 
ference and  maKe  5  revolutions  a  second ;  in  what  time  will 
the  locomotive  run  75  miles?      Ans.  i  h.  26  min.  33||sec. 

JO.  ,How  many  quart,  pint,  and  half-pint  bottles,  of  each 
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an  equal  uumber,  may  be  filled  from  a  vessel  containing  54 
gal.  1  qt.  f  Ans,  124  of  each. 

17.  A  boy  brought  from  the  bank  a  bag  of  gold  weighing 
lib.  9oz.  lOpwt. ;  required  its  value.  Ans.  $400. 

18.  A  man  bought  50  cords  of  wood,  3^  ft.  long,  and 
proposes  to  put  it  in  a  pile  12  ft.  high  ;  how  long  will  the 
pile  be  f  Ans,  152^  ft. 

19.  William  rises  40  minutes  earlier  and  retires  30  min- 
utes later  than  his  companion ;  how  much  time  will  he  gain 
in  4  school  sessions  of  26  weeks  each  ? 

Ans,  35  da.  9  h.  20  min. 

20.  An  apothecary  bought  501b.  8oz.  of  opium  at  45  cents 
an  ounce  Avoirdupois,  and  sold  it  at  3  cents  a  scruple  ;  did 
he  gain  or  lose,  and  how  much  ?        Ans.  Gained  $166.65. 

21.  A  man  bought  2  cwt.  87  lb.  10  oz.  of  sugar,  at  6cts.  a 
pound,  and  retailed  it  at  6^  cts.  a  pound,  using  by  mistake 
Troy  weights;  how  much  did  he  make?  Ans.  $5.46^. 

22.  In  the  following  prescription  find  the  number  of  grains 
of  the  solid  and  the  number  of  minims  of  the  liquid  part: 

B.  Mellis,  confectionis  rosse  caninse  aa  ^ij ;  aceti  distillati 
fgiij  ;  acidi  hydrochlorici  ^xxx ;  aquae  rosse  fgj  ;  aquae  purse 
f^vj.  Misce.  Ans.  240  gr. ;  4830nv,. 

£3.  A  man  having  a  piece  of  ground  which  he  wished 
accurately  surveyed,  employed  two  surveyors,  the  first  of 
whom  reported  its  contents  to  be  2  A.  54  P.  64  in. ;  the 
other  reported  2  A.  53  P.  30  yd.  2  ft.  100  in.  Wishing  to 
know  which  was  right,  he  employed  a  third,  who  gave  the 
area  as  2  A.  53  P.  272  ft.  100  in.  How  much  did  the  three 
estimates  difi^er  from  one  another  ? 

24.  The  distance  from  Boston  to  Chicago  being  about 
1040  miles,  if  one  man  should  start  from  Boston  and  one 
from  Chicago  on  Monday,  November  3,  1873,  the  first  trav- 
eling 2  miles  299  rd.  12  ft.  per  hour,  and  the  second  3  miles 
20  rd.  4^  ft.  per  hour,  both  starting  at  9  a.  m.,  traveling 
7  hours  a  day,  and  resting  on  the  Sabbath,  at  what  tim^ 
will  they  meet,  and  how  far  will  each  have  traveled  ? 

An%.  Dee.  \sX,  ^\i.  ^^mva.."^.^* 
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ADDITION   OF   COMPOUND   NUMBERS. 

480.  Addition  of  Compound  Numbers  is  the  process 
of  finding  the  sam  of  two  or  more  similar  compound  numbers. 

I.  Find  the  sum  of  £9  13s.  lid.;  £17  15s.  9d.;  £15 
12s.  5d. ;  and  £23  lis.  10 d. 

Solution. — We  write  the  numbers  so  that  similar        ope&atxon. 
units  shall  stand  in  the  same  column,  and  begin  at         £      s.      d 
the  right  to  add.     10 d.  plus  5 d.,  plus  9d.,  plus  lid.  9    13    11 

are  35  d.,  which  by  reduction  we  find  equals  2  s.  and        I'j    i^      g 
lid.;  we  write  the  lid.  under  the  column  of  pence        25    22      5 
and  reserve  the  2  s.  to  add  to  the  column  of  shillings :        23    11     10 
28.  plus  lis.,  plus  12s.,  plus  15s.,  plus  13s.  are  538.,        — — — — —r 
which  by  reduction  we  find  equals  £2  and  ISs.:  we        ""    ^^    ^*- 
write  the  13  s.  under  the  column  of  shillings  and 
reserve  the  £2  to  add  to  the  column  of  pounds:  £2  plus  £23,  plui  £15, 
plus  £17,  plus  £9,  equals  £66,  which  we  write  under  the  column  of 
pounds. 

Rule. — I.  Write  the  compound  numbers  so  that  similar 
units  stand  in  the  same  column. 

II.  Begin  with  the  lowest  denomination  and  add  each 
column  separately,  placing  the  sum,  when  less  than  a  unit 
of  the  next  higher  denomination^  under  the  column  added. 

III.  When  the  sum  equals  one  or  more  units  of  the  next 
higher  denomination,  reduce  it  to  this  denomination,  write 
the  remainder  under  the  column  added,  and  add  the  quotient 
obtained  by  reduction  to  the  next  column, 

IV.  Proceed  in  the  same  manner  with  all  the  columns  to 
the  last,  under  which  write  the-  entire  sum. 

Proof. — The  same  as  in  addition  of  simple  numbers. 

Note. — Addition  of  compound  numbers  is  the  same  in  principle  as  the 
addition  of  simple  numbers.  In  each  we  carry  for  the  number  of  units 
in  the  lower  denomination  which  makes  a  unit  of  the  next  higher.  The 
apparent  difference  is  in  their  sealed.  In  simple  numbers  the  expression 
shows  how  much  to  carry ;  in  denominate  numbers  we  must  reduce  to  see 
what  to  carry. 

(2)  (3)  (4) 

mi.   rd.  yd.    A.   P.  sq. yd.   deg.  mi.  rd.   ft.  in. 

18T  319  4  789  109  27  27  56  US  15  9 

269  227  2  891  143  19  32  43  223  12  6 

387  158  3  134  79  17  45  57  316  16  10 

578  269  1  234  108  27  56  65  267  14  11 

465  217  3  678  157  18  34  68  318  12  11 
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*, 

(5) 

(6) 

(7) 

ib 

3 

3 

9 

gr. 

C. 

Cll.  ft. 

cu.  in. 

T. 

cwt.  lb. 

oz. 

28 

8 

5 

2 

16 

216 

104 

1316 

25 

16  68 

11 

37 

7 

6 

1 

12 

135 

117 

1072 

43 

12  40 

14 

42 

10 

3 

0 

15 

738 

121 

1527 

67 

15  23 

12 

96 

11 

7 

2 

13 

217 

108 

1289 

85 

17  92 

15 

78 

10 

4 

2 

11 

392 

126 

1132 

61 

19  14 

13 

8.  Find  the  sum  of  251b.  7  oz.  15  pwt.  20  gr.;  781b.  11 
oz.  19 pwt.  23  gr.;  34  1b.  9oz.  12  pwt.  15  gr.;  601b.  10  oz. 
3  pwt.  4gr.;  171b  6  oz.  18  pwt.  22  gr. 

Ans,  2lTlb.  lOoz.  lOpwt.  12gr. 

9.  Find  the  sum  of  21  mi.  67 ch.  3rd.  21 IL;  28 mi.  78 ch. 
2rd.  23  li.;  47  mi.  6ch.  2rd.  18  li.;  56  mi.  59  ch.  2rd.  16  li.; 
25  mi.  38  ch.  3  rd.  23  li. ;  46  mi.  75  ch.  2  rd.  21  li. 

Ans.  227  mi.  7  ch.  2  rd.  22  li. 

10.  Find  the  sum  of  145  sq.  yd.  7  sq.  ft.  116  sq.  in. ; 
218  sq.  yd.  3  sq.  ft.  141  sq.  in. ;  317  sq.  yd.  6  sq.  ft.  108  sq.  in. ; 
419  sq.  yd.  5  sq.  ft.  132  sq.  in. ;  381  sq.  yd.  4  sq.  ft.  136  sq.  in. 

Ans,  1483  sq.  yd.  2  sq.  ft.  57  sq.  in. 

11.  Find  the  sum  of  37  mi.  275  rd.  3  yd.  2  ft.  10  in.;  42  mi. 
228  rd.  2yd.  1ft.  8  in.;  56  mi.  317  rd.  1yd.  2  ft.  7in. ;  76mi. 
141  rd.  6  yd.  2  ft.  11  in. ;  85  mi.  272  rd.  4  yd.  1  ft.  10  in. 

Ans.  299  mi.  276  rd.  2  yd.  1  ft.  4  in. 

SUBTRACTION   OF   COMPOUND  NUMBERS. 
481.  Subtraction  of  Compound  Numbers  is  the  pro 

cess  of  finding  the  difiference  between  two  similar  compound 
numbers. 

1.  From  33  oz.  14  pwt.  23  gr.,  take  17  oz.  16  pwt.  11  gr. 

Solution. — ^We  write  the  subtrahend  under  the        operation. 
minuend^,  placing  similar  unite  in  the  same  column,        ^2.  pwt.  ct. 
and   begin  at  the  lowest  denomination  to  subtract.        33     14    23* 
11  gr.  from  23 gr.  leaves  12  gr.,  which  we  write  under        jy     iq     jj 
the  grains:   16 pwt.  from  14 pwt.  we  cannot  take,  we        — — — — — 
will  therefore  take  1  oz.  from  the  33  oz.,   leaving        ^^    ^°    ^^'^ 
32 oz.;   1  oz.  equals  20 pwt.,  which  added  to  14 pwt., 
equals  34  pwt.;    16  pwt.  from  34  pwt.  leaves  18  pwt.,  which  we  wriif 
under  the  pwt.:  17  oz.  from  32 oz.  (or,  since  it  will  give  the  same  result, 
we  may  add  loz.  to  the  17  oz.  and  say  18  oz.  from  'd^QrL.^\fta.N«B»  W^vsw 
Hence  the  foJJowiiig 
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Rule. — I.  WirUe  the  subtrahend  under  the  minuend  90 
that  similar  units  stand  in  the  same  column. 

II.  Begin  with  the  lowest  denomination  and  subtract  each 
term  of  the  subtrahend  from  the  corresponding  term  of  the 
minuend, 

III.  If  any  term  of  tJie  subtrahend  exceeds  the  corres- 
ponding term  of  the  minuend,  add  to  the  latter  as  many 
units  of  that  denomination  as  make  one  of  the  next  higher, 
and  then  subtract ;  add  1  also  to  the  next  term  of  the  sub- 
trahend before  subtracting. 

IV.  Proceed  in  the  same  maimer  with  each  term  to  the 
last. 

Proof. — The  same  as  in  subtraction  of  simple  numbers. 

Note. — The  pupil  will  notice  that  the  general  principle  of  subtraction  \a 
the  same  aa  in  simple  numbers,  the  difference  being  in  the  irregularity  of 
the  scale,  the  units  themselves  being  expressed  in  the  decimal  s^e. 


(2) 

(3) 

W 

£ 

s.  d.  qr. 

lb.  oz. 

pwt. 

gr. 

mi.  rd.  jd.  ft. 

56 

18  5  3 

48  10 

18 

13 

72   45  2  1 

22 

18  7  1 
(5) 

27  11 

12 

18 

48  272  4  2 
(6) 

mi. 

rd.  jd. 

ft.  in. 

A. 

P. 

sq.  yd.  sq.  ft  sq.  in. 

48 

305   0 

0   0 

48 

147 

00   00   00 

23 

194   5 

1   4 

25 

155 

30    3   71 

7.  From  28  deg.  IGO  rd.  1  ft.,  subtract  16  deg.  69  mi. 
232  rd.  5jd.  2  ft.  7  in. 

Ans.  10  deg.  69  mi.  29  rd.  2  yd.  6|in. 

8.  From  1  circumference  subtract  358  deg.  69  mi.  159  rd. 
5yd.  1  ft.  5  in.  Ans.  68  mi.  262  ra.  2yd.  ^m. 

9.  A  has  a  field  15  rd.  5  yd.  2  ft.  11  in.  long,  B  has  one 
16  rd.  1ft.  4  in.  long;  which  is  the  longer  field  and  how 
much?  Ans.  A's,  1  inch. 

•0.  From  56  A.  97  P.  8sq.  ft.  112  sq.  in.,  take  49  A.  1591* 
lUsq.  yd.  8sq.  ft  120  sq.  in 

Ans.  6  A.  97  P.  2  sq.  fi.  28  sq.  in 


£ 

8. 

d. 

15 

12 

10 
9 
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MULTIPLICATION   OF   COMPOUND   NUMBERS. 

482.  Multiplication  of  Compound  Numbers  is  the 

process  of  fiuding  the  product  when  the  multiplicand  is  a 
compound  number. 

I.  Multiply  £15  12  8.  10  d.  by  9. 

Solution. — We  write  tlie  multiplier   under  the 
lowest  denomination  of  the  multiplicand,  and  begin 
at  the  right  to  multiply.    9  times  10  d.  are  90  d., 
which  by  reduction  we  land  equals  7  s.  and  6  d. ;  we 
write  the  6d,  under  the  pence,  and  reserve  the  7  s.  to 
add  to  the  next  product:   9  times  12  shillings  are  108        ^^    ^^      ^ 
Fhillings,  plus  the  7  s.  equals  1158.,  which  by  reduc- 
tion we  find  equals  £5  and  15  shillings;  we  write  the  158.  under  tlie 
shillings  and  reserve  the  £5  to  add  to  the  next  product:  9  times  £15 
are  £135,  plus  the  £5,  equals  £140,  which  we  write  under  the  pounds. 

Rule. — I.  Write  the  multiplier  under  the  lowest  denomi- 
nation of  the  multiplicand. 

II.  Begin  vdth  the  lowest  denomination,  and  multiply 
each  term  in  succession  as  in  simple  numbers,  reducing  as 
in  addition  of  compound  numbers. 

Proof. — The  same  as  in  multiplication  of  simple  numberb. 

KoTE. — If  the  multiplier  is  a  large  composite  number,  it  will  be  more 
convenient  to  multiply  by  its  factors. 


(2) 
cwt.  lb.  oz. 

25  94  12 

7 

T. 
16 

(3) 
lb.  oz.  pwt.  gr. 

25  10  16  21 

5 

(6) 
cwt.  lb.  oz. 

18  96  12 
12 

A. 

96 

(4) 
mi.  rd.  yd. 

36  3l4  6 

8 

(6) 
lb  5  3  9  gr. 

24  11  7  2  19 
9 

(7) 
P.  sq. yd. sq.ft. 

150   16   7 
11 

8.  A  lumberman  has  16  piles  of  wood,  each  containing 
8cd.  76  cu.  ft.,  how  much  wood  has  he? 

Ans,  128  cd.  116  cu.  ft. 

9.  A  man  traveled  26  mi.  224  rd.  6  yd.  in  one  day,  6 
times  as  far  the  next,  8  times  as  far  the  next,  and  the  next 
as  far  as  the  second  and  third ;  how  much  did  he  la.c.t  v^C 
traveling  1000  miles  ?  Ans.  "^k  m\.  \^^  \vi-  ^\^^ 
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DIVISION   OF   COMPOUND  NUMBERS. 
488.  Division  of  Compoimd  Numbers  is  the  procesfl 

of  finding  the  quotient  when  the  dividend  is  a  compound 
number. 

484.  There  are  two  cases: 

1st.  To  divide  a  compound  number  into  equal  parts. 

2d.   To  divide  one  compound  number  bj  a  similar  one. 

CASE  I. 

48S*  To  divide  a  cmnpound  number  into  a  number 
of  equal  parts, 

I.  Divide  £107  11  s.  6  d.  into  6  equal  parts. 

Solution. — We  write  the  divisor  at  the  left  of  the  operation. 
dividend,  and  begin  at  the  highest  denomination  to  £      s     d 

divide.     J  of  £107  equals  £17  and  £5  remaining ;  6)107     11     .6 
£5  equals  100 s.,  which  added  to  11  s.  equals  111  s. :  — - 

I  of  Ills,  equals  18  s.  and  3  s.  remaining;  3  s.  equals  ^*     ^^     ' 

36d.  which  added  to  6d.  equals  42  d.:   ^  of  42 d.  is 
7  d.    Hence  the  following 

Rule. — I.  Begin  vnth  the  highest  denomination  of  the 
dividend  and  divide  each  term  in  succession,  as  in  simple 
numbers, 

II.  If  there  is  a  remainder,  reduce  it  to  the  next  lower 
denomination,  add  it  to  the  term  of  that  denomination,  and 
divide  the  result  as  before, 

III.  Proceed  in  the  same  manner  until  all  the  terms  are 
divided. 

Proof. — The  same  as  in  division  of  simple  numbers. 

Note. — When  the  divisor  is  large  and  composite,  and  the  factors  not 
i^reater  than  12,  it  is  perhaps  more  convenient  to  divide  by  the  factors. 

(2)  (3)  (4) 

cwt.     lb.   oz.  lb.     oz.  pwt.  gr.  mi.    rd.  yd. 

7)24     98     9  5)124     6     16     11  8)138     65     2 

(5)  (6)  0) 

ft>.  S  3  9  gr  T.  cwt.  lb.  oz.  A.  P.  sq.  yd.  sq.  ft 

9)64  16  4  2  17     12)133  0  88  12      11)33  80       30       3 

8.  If  a  car  could  run  640  mi.  298  rd.  15  ft.  in  a  day,  what 
distance  will  it  average  an  hour?    Am,  ^^m\,  ^^5>x^.  ViK 
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9.  The  earth  revolves  aroaud  the  sun  in  about  365  da.  5  L 
48  min.  49.7  see. ;  in  what  time  does  it  move  1  degree  ? 

Ans.  1  da.  20  min.  bS-^^  sec. 

10.  The  moon  revolves  around  the  earth  in  29  da.  12  1* 
44  min.  ;  in  what  time  does  it  move  6  degrees  ? 

Ans.  II  h.  48  min.  44  sec. 

11.  Venus  performs  her  revolution  around  the  sun  in 
about  224  da.  16  h.  49  min.  10  sec. ;  in  what  time  does  she 
move  45  degrees  ?  Ans.  28  da.  2  h.  6  min.  8f  sec. 

CASE  n. 

48G«  To  divide  one  compound  number  by  a  similar 
one. 

1.  Divide  £18  18  s.  6  d.  bj  £9  11  s.  4  d. 

Solution. — £78  IBs.  6d.  equals  operation. 

18942  pence;   £9  lis.  4 d.  equals  ^rj^    igg.    ga      18942 d. 

2296  pence ;  and  dividing  18942  d.  = 

by  2296  d.  we  have  a  quotient  of  8i.  ^^    ^^^'    ^^'       2296  d. 

From  this  solution  we  have  the  fol-  2296)18942(8^ 

lowing  18942 

Rule. — Reduce  both  dividend  and  divisor  to  the  lowest  de- 
nomination mentioned  in  either,  and  then  divide  a«  in  sim- 
ple numbers. 

Proof. — The  same  as  in  division  of  simple  numbers. 

Note. — The  division  may  also  be  made  without  reducing  to  the  lowest 
denomination,  and  this  will  be  shorter  when  the  quotient  is  integral. 

2.  How  long  will  it  take  a  student  to  walk  376  mi.  220 
rd.  at  the  rate  of  It  mi.  300  rd.  a  day  ?  Ans.  21  days. 

8.  A  farmer  raises  60  bu.  3pk.  6qt.  1  pt.  of  grain  on  an 
acre ;  on  how  many  can  he  raise  2925  bu.  3  pk.?  Ans.  48  A. 

4.  In  hew  many  hours  will  a  pipe  discharge  163  tuns  7 
gal.  of  water,  at  the  rate  of  2  tu.  3  hhd.  40  gal.  2  qt.  1  pt.  an 
hour  ?  Ans.  56  hours. 

o.  How  long  would  it  take  a  bird  to  fly  across  the  Atlan- 
tic ocean,  3000  mi.,  at  the  rate  of  25  mi.  185  rd.  4  yd.  an  hour? 

Ans.  4  da.  21  h.  16  min.  38+  sec. 

6  How  long  would  it  take  a  person  to  travel  around  the 
earth,  at  the  average  rate  of  15  mi,  62  rd.  3  yd.  2  ft.  in  4  h. 
20  min.  30  sec?  Aa&.  t^^  d^,  ^  Vi.  ^<^\S!Ks^. 
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DIFFERENCE  BETWEEN  DATES. 

CASE  I. 
487*  To  find  the  difference  of  time  between  two  dates. 

1.  Shakespeare  was  born  April  23d,  1564,  and  died  April 
25th,  1616  ;  what  was  his  age? 

Solution. — Dates  are  expressed  in  the  number  of  or£KATiON. 

the  year,  the  month,  and  the  day ;  hence  the  date  of  yr     mo  da. 

his  birth  is  1564  yr.  4  mo.  23  da.,  and  the  date  of  his  261*6      4*  25 

death  is  1616  yr.  4  mo.  25  da. ;  and  the  difi'erence  of  25^      4    23 

these  two  dates  will  equal  his  age,  which  we  find  to      — — r 

be  52  yr.  2  da.                  •  52      0      2 

Rule. —  Write  the  number  of  the  year^  month,  and  day  of 
the  earlier  date  under  the  year,  month,  and  day  of  the  later 
date,  and  take  the  difference  of  the  numbers. 

NoTB. — Tn  this  method  we  reckon  30  days  to  the  month  ;  when 
greater  accuracy  is  required,  we  reckon  the  actual  number  of  days  in 
each  month.  Thus  from  the  28th  of  Feb.  (common  year)  to  the  3lst 
of  July  is  exaetij  five  months.  The  exact  time  between  two  dates  of 
the  same  year  is  found  by  the  table,  Art.  406. 

2.  Milton  was  bom  Dec.  9th,  1608,  and  died  Nov.  8th, 
1675 ;  what  was  his  age  ?  Ans.  66  yr.  10  mo.  29  da. 

3.  Andrew  Jackson  was  born  Mar.  15th,  176*1,  and  died 
June  8th,  1845  ;  what  was  his  age  ? 

Ans.lS  yr.  2  mo.  23  da. 

4.  Thomas  was  16  yr.  old  May  25th,  1865 ;  how  old  will 
be  be  Mar.  29th,  1873  ?  Ans.  23  yr.  10  mo.  4  da. 

5.  How  many  days  from  Feb.  12th,  1861,  to  Sept.  17th  of 
the  same  year  ?  Ans,  217  days. 

6.  A  note  given  Aug.  15th,  1860,  was  paid  May  10th,  1865 ; 
how  long  was  it  on  interest  ?  Ans.  4  yr.  8  mo.  25  da. 

7.  A  note  dated  Jan.  16th,  1860,  is  due  Nov.  2l8t,  1860; 
what  is  the  exact  time  it  has  to  run  ?  Ans.  310  days. 

8.  A  was  born  Mar.  6th,  1820;  B,  July  9th,  1833;  both 
died  Sept.  19th,  1865 ;  how  much  older  was  A  than  B  ? 

Ans.  13  yr.  4  mo.  3  da. 

9.  A  was  born  Jan.  1st,  1741,  and  B  Jan.  1st,  1584;  each 
died  exactly  45  years  after  he  was  born  ;  what  was  the  dif- 
ference of  their  ages  ?  Ans.  1  day. 
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CASE   II. 

488*  To  find  the  day  of  the  week  upon  which  any 
given  day  of  the  month  will  fall,  the  day  of  the  week 
of  some  other  date  being  given. 

Note. — A  common  year  begins  one  day  later  than  the  preceding  year. 
A  year  following  leap  year  begins  two  days  later. 

1.  If  the  12th  of  March  be  on  Sunday,  on  what  day  of  the 
week  will  the  next  20th  of  October  be  ? 

Solution. — By  the  table  we  find  the  difierence  of       opebation. 
time  to  be  222  days :  dividing  by  7,  the  number  of    222  •  7  =  31  4-5 
days  in  a  week,  we  have  31  weeks  and  5  days ;  the  '  ' 

20th  of  October  must  therefore  be  6  days  after  Sunday,  or  on  Friday. 

Rule. — Find  the  number  of  days  between  the  two  dates^ 
reduce  this  number  to  weeks  ;  the  number  of  days  remaining 
will  be  the  number  of  days  from  the  given  day  of  the  week 
to  the  required  day, 

2.  If  the  1st  of  May  is  on  Tuesday,  on  what  day  is  the  8th 
of  August  of  the  same  year  ?  An,s,  Wednesday. 

3.  If  a  leap  year  begins  on  Friday,  on  what  day  will  the 
ith  of  July  be  ?  Ans.  Monday. 

4.  In  1865  Christmas,  the  25th  of  December,  fell  on  Mon- 
day ;  on  what  day  did  the  year  commence  ?  Ans.  Sunday. 

5.  Christmas  of  1863  came  on  Friday ;  on  what  day  did 
4th  of  July,  1864,  come  ?  Ans.  Monday. 

6*  The  battle  of  Bunker  Hill  was  fought  on  Saturday, 
June  IT,  1775;  and  Gen.  Warren's  statue  was  erected  June 
It,  1857  ;  on  what  day  was  it  erected  ?  Ans.  Wednesday. 

7.  Let  the  pupils  now  determine,  from  the  above  princi- 
ples, the  day  of  the  week  upon  which  they  were  born. 

LATITUDE   AND   LONGITUDE. 

489*  The  Latitude  of  a  place  is  its  distance  from  the 
equator,  north  or  south.  It  is  reckoned  in  degrees,  minutes, 
and  seconds,  and  cannot  exceed  90°,  or  a  quadrant. 

440*  The  Longitude  of  a  place  is  its  distance,  east  or 
ivest,  from  a  given  meridian.  It  is  reckoned  in  degrees, 
minutes,  and  seconds,  and  cannot  exceed  180°,  or  a  semi- 
circumference. 
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Note. — In  adding  two  longitudes,  if  their  sum  exceed  180  degrees,  it 
uiust  be  subtracted  from  360  degrees  for  the  correct  difference  of  longitude. 

441.  From  these  principles,  to  find  the  difference  of  lati- 
tude or  longitude,  we  have  the  following  rule : 

Rule* — When  the  latitudes  or  longitudes  are  both  of  the 
name  name,  subtract  the  less  from  the  greater;  when  they 
are  of  different  names,  take  their  sum. 

1.  The  latitude  of  Washington  is  38°  63'  39"  north,  and 
that  of  Boston  42°  21'  27"  north  ;  what  is  the  difference  of 
latitude  ?  Ans.  3°  27'  48". 

2.  The  latitude  of  Philadelphia  is  39°  56'  39"  north,  and 
that  of  Montreal  45°  35'  north  ;  what  is  the  difference  of 
latitude  ?  Ans.  5°  38'  21". 

3.  The  latitude  of  New  York  is  40°  24'  40"  north,  and  of 
Cape  Horn  55°  58'  30"  south ;  what  is  the  difference  of 
latitude?  Ans.  96°  23'  10". 

4*  The  long,  of  Phila.  is  75°  9'  5"  west,  of  San  Francisco 
122°26'15"west;  what  is  the  difference  ?  Jns.  47°17'10". 

5.  The  long,  of  San  Francisco  is  122°  26'  15"  west,  of 
Pekin  118°  east-,  what  is  the  difference  ?  Ans.  119°  33'  45". 

LONGITUDE   AND   TIME. 

44IS*  The  earth  resolves  upon  its  axis  from  west  to  east 
once  in  24  hours,  which  causes  the  sun  to  appear  to  revolve 
around  the  earth  from  east  to  west  in  the  same  time.  Places 
east  of  a  certain  point  have  later  time,  those  west  of  it 
earlier  time,  since  the  sun  appears  first  to  those  on  the  east. 

443«  The  circumference  of  a  circle  contains  360°,  hence 
the  sun  appears  to  travel  through  360°  in  24  hours,  and  in  1 
hour  it  travels  ^  of  360°  =  15°  ;  in  1  minute  it  travels  ^  of 
15°=  15';  and  in  1  second  it  travels  ^  of  15'=  15". 
Hence  the  following  table  : 

TABLE    OF   LONGITUDE   AND   TIME. 

15°  of  longitude         =         1  hour  of  time. 
15'  of        "  =         1  minute  of  time. 

15"  of        "  =1   second  of  time. 
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CASS    I. 

444.  To  find  the  difference  of  time  of  two  pUtces 
wl^en  tiieir  difference  of  langittuie  is  given. 

1.  The  difference  of  longitude  between  two  places  is  50° 
45' ;  what  is  the  difference  of  time  ? 

'    SoiiUnoN. — Since  16°  of  longitude  correspond  to  opeba^ion. 

1  h.  of  time,  and  15^  of  longitude  to  1  min.  of  time,  ^  15)50°  45' 

of  the  number  of  degrees  and  minuUi  will  equal  the  — ^ — -^ 

namber  of  hours  and  mtntttes  difference  in  time.  Divid-  ^    ^ 
ing  hj  15  we  have  3  h.  23  min.    Hence  the 

jjixle. — Divide  the  difference  of  longitude  expressed  in 
®  '  "by  15  /  the  result  will  be  the  difference  of  time  in  h. 

MIN.  SEC. 

2.  The  longitude  of  Philadelphia  is  15°  9'  5"  west,  and 
that  of  New  Orleans  90°  west ;  what  is  the  difference  of 
time  ?  Ans,  59  min.  28§  sec. 

8.  The  longitude  of  Boston  is  11°  3'  30"  west,  and  that 
of  San  Francisco  122°  26'  15"  west ;  what  is  the  time  in 
Boston  when  it  is  8  o'clock  a.  m.  in  San  Francisco  ? 

Ans.  lib.  25  min.  31  sec.  a.  m. 

4.  The  longitude  of  Edinburgh  is  3°  11'  west,  and  that 
of  Chicago  81°  44'  30"  west;  what  change  would  it  be 
necessary  to  make  in  our  watches  in  coming  from  Edin- 
burgh to  Chicago  ?  Ans.  Set  back  5  h.  38  min.  14  sec 

5.  The  longitude  of  Dubuque  is  90°  38'  30"  west ;  what 
change  must  we  make  in  our  watches  in  coming  from  Dubu- 
que to  Philadelphia  ?  Ans.  Set  forward  1  h.  1  min.  51f  sec. 

6.  The  long,  of  Jerusalem  is  35°  32'  east ;  what  time  is  it 
when  it  is  1  a.  m.  in  Boston?  Ans.  2  h.  6  min.  22  sec.  p.  m. 

7.  St.  Petersburg  is  in  30°  19'  east  longitude ;  what  is  the 
time  there  when  it  is  23  min.  past  10  P.  m.  in  Philadelphia? 

Ans.  5  h.  24  min.  52^  sec.  A.  m.  the  day  after. 

case  II. 

445.  To  find  the  difference  of  longitude  of  two 
places  when  their  difference  of  time  is  given, 

1.  The  difference  of  time  between  two  places  is  3  h.  23 
min.;  what  is  the  difference  of  \oiig,\t\3L^^  1 
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Solution. — Since  1  h.  of  time  corresponds  to  15°  of    opsratiov, 
longitude,  and  1  min.  of  time  to  Id^  of  longitude,  15        y^^  jq|q^ 
times  tlie  number  of  hours  and  minutes  difference  in  time         3     ^3 
will  equal  the  number  of  degrees  and  minutes  difference  ^5 

in  longitude.    Multiplying  by   15  we  have  50°  45''.        -.p    ... 
Hence  the  foUowing  ^    ^ 

Rule. — Multiply  the  difference  of  time  expressed  in  h. 
MIN  •  SEC.  by  15  /  the  result  vrill  he  the  difference  of  longi- 
tude in  °  '  ". 

2.  The  difference  of  time  between  New  York  Oong.  14® 
3'  W.)  and  Buffalo  is  18  min.  48  sec;  required  the  longitude 
of  Buffalo.  Ans.  18°  45'  W. 

3.  The  difference  of  time  between  Philadelphia  (long.  75® 
9'  5"  W.)  and  St.  Louis  is  1  h.  24|^sec.;  what  is  the  longi- 
tude of  St.  Louis  ?  Ans.  90°  15'  16"  \V. 

4.  When  it  is  noon  at  London  (long.  9'  17"  W.)  it  is  7  h. 
16  min.  23^  sec.  a.  m.  at  Boston  ;  required  the  longitude  of 
Boston.  Ans.  71°  3'  30"  W. 

5.  When  it  is  3^  o'clock  p.  m.  at  Cambridge,  England 
(long.  5'  21"  E.),  it  is  10  h.  45  min.  9^  sec.  a.  m.  at  Cam- 
bridge, Mass. ;  required  the  longitude  of  the  latter  place. 

Ans.  71°  7'  21"  W. 

6.  When  it  is  7^  o'clock  p.  m.  at  Chicago  (long.  87°  44' 
30"  W.),  it  is  3  h.  43  min.  6  sec.  a.  m.  at  Jerusalem  ;  re- 
quired the  longitude  of  Jerusalem.  Ans.  35°  32'  E. 

7.  In  going  from  Detroit  (long.  82°  58'  W.)  to  Baltimore, 
I  found  it  necessary  to  set  my  watch  forward  45  min.  32 
sec;  what  is  the  longitude  of  Baltimore? 

Ans,  71°  35'  W. 

8.  I  left  New  Haven  (long.  72°  55'  24")  at  11^  o'clock  a 
M.  and  when  arriving  in  San  Francisco  I  found  it  to  be  9  P. 
M.  by  their  time,  while  it  was  12  h.  18  min.  3f  sec.  a.  m.  by 
my  watch ;  required  the  longitude  of  San  Francisco. 

Ans.  122°  20'  15"  W. 

9.  A  captain  of  a  vessel  takes  an  observation  and  finds 
that  by  solar  time  it  is  2  h.  25  min.  30  sec.  past  noon,  but  by 
his  chronometer,  set  at  Greenwich,  it  is  32  min.  42  sec.  past 
U  A.  M.:  what  was  his  longitude?  Ans.  43°  12'  E. 
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STANDARD  TIME. 

4:4:5a.  Standard  Time  is  time  reckoned  from  certain 
fixed  meridians  instead  of  from  the  meridian  of  the  place. 

For  the  convenience  of  the  business  world  the  United  States 
has  been  divided  into  four  great  time-belts,  each  15^  wide,  and 
the  '*  local  time ''  of  the  central  meridian  of  each  belt  is  made 
the  *'  standard  time  "  for  tbe  entire  belt.  Places  within  7°  8U'  on 
each  side  of  the  central  meridian  have  the  time  of  the  meridian. 

445b*  Standard  time  embraces  four  divisions — Eastern 
Time,  Ctntral  Time,  Mountain  Time,  and  Pacific  Time. 

1.  Eastern  Time  is  the  time  of  the  75th  meridian. 

2.  Centbal  Time  is  the  time  of  the  90th  meridian. 
8.  Mountain  Time  is  the  time  of  the  105th  meridian. 
4.  Pacific  Time  is  the  time  of  the  120th  meridian. 

To  the  east  of  the  United  States  is  also  the  time-belt  of  the 
COth  meridian,  known  as  the  Intercolonial, 

445c.  Standard  time,  as  is  evident,  coincides  with  local 
time  in  very  few  places,  and  therefore  it  is  frequenily  neces- 
sary, in  accurate  calculations,  to  obtain  the  local  time. 

By  finding  the  difference  of  longitude  between  any  place  and  its 
standard  meridian,  local  time  can  be  reduced  to  standard  time  or 
standard  time  to  local  time. 

Notes. — 1.  Eastern  Time  coincides  very  nearly  with  the  local  time  of 
Philadelphia,  Pa.,  and  Cape  May,  N.  J 

2.  Central  Time  coincides  very  nearly  with  the  local  time  of  St.  Louis, 
Mo.,  Memphis,  Tenn.,  and  New  Orleans,  La. 

"  3.  Mountain  Time  is  very  nearly  the  same  as  the  local  time  of  Denver, 
Col.,  and  Cheyenne,  Wyoming. 

4.  Pacific  Time  is  very  nearly  the  same  as  the  local  time  of  Reno  and 
Carson  City,  Nev.,  and  Santa  Barbara,  Cal. 

5.  The  limit  of  any  belt  is  not  a  straight  line,  as  it  is  convenient  to 
select  prominent  cities,  not  on  the  same  meridian,  as  the  places  fur 
making  a  change  of  time. 


1.  The  longitude  of  Boston  is  about  71°  3'  30"  W.;  what 

is  the  difference  between  standard  time  and  local  time? 

Solution. — Boston,  whose  longitude  is       operation. 
within  7°  30^  of  75°,  is  in  the  Eastern  time-      750    qq/        oq// 
belt ;  hence,  its  standard  time  is  that  of  the     ^\o      3/        ^q// 

meridian  of  75°.     The  difference  of  longi- 

tilde  between  Boston  and  the  75th  merid-  15)3°    56^        80^^ 

ian  is  3°  50^  30'''' ;  reducing  this,  we  find 

the  difference  of  time  to  be  15  min.  46  sec.  '^^  «^^^^  "^^  ^"^^^ 
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Rule. — Find  the  difference  between  the  longitude  of  aplcuie 
and  that  of  its  standard  meridian,  and  find  the  time  corres- 
ponding to  this  difference. 

To  determine  the  standard  meridian  of  a  place,  see  Art.  445b,  noticing 
that  each  belt  extends  7°  30^  on  each  side  of  the  established  meridian. 

2.  The  longitude  of  New  Haven  id  72°  55'  24"  W.;  what 
is  the  difference  between  the  standard  and  local  time  at  New 
Haven  ?  Ans,  8  min.  181  sec. 

3.  The  longitude  of  Detroit  is  82°  58'  W.;  when  it  is  noon 
by  standard  time,  what  is  the  local  time  ? 

Ans.  12  h.  28  min.  8  sec. 

4.  The  longitude  of  San  Francisco  is  122°  26'  15"  W.; 
when  it  is  noon  by  local  time,  what  o'clock  is  it  by  standard 
time?  Ans.  12h.  9  min.  45  sec. 

5.  The  local  time  at  Galveston  is  3  h.  40  min.  40  sec., 
when  it  is  4  p.  m.  by  standard  time ;  what  is  the  longitude  ( f 
Galveston  ?  '  Ans.  94°  60'. 

6.  When  it  is  5  o'clock  p.  m.  standard  time  in  Chicago 
(87°  44'  30"  W.),  what  time  is  it  in  London  (9'  17"  W.)? 

Afis.  10  h.  59  min.  22H  sec.  p.  m. 

7.  When  it  is  noon  in  Jerusalem  (35°  32'  E.)  what  will 
be  the  standard  time  in  Boston?    Ans.  4  h.  37  min.  52  sec. 

8*  When  it  is  6  a.  m.  standard  time,  in  Philadelphia  it  is 
4  h.  57  min.  26  sec.  local  time,  in  Dubuque ;  what  is  the 
longitude  of  Dubuque?  Ans.  90°  38'  30"  W. 

9.  If  a  telegram  is  sent  from  Portland,  Ore.  (122°  27'  30" 
W.),  to  Portland,  Me.  (70°  15'  40"  W.),  at  6.30  p.  m.  local 
time,  at  what  hour  local  time  will  it  be  received  ?  At  what 
hour  standard  time  ? 

Ans.  9  h.  58  min.  47J  sec;  9  h.  39  min.  50  sec. 

10.  Mr.  Smith  started  from  Boston  Feb.  24,  1896,  at  9  h. 
30  min.  p.  m.  local  time,  and  arrived  at  San  Francisco  in 
7  da.  2  h.  25  min.  35  sec.  by  his  watch,  keeping  Boston  local 
time  :  at  what  time  did  he  arrive  bv  San  Francisco  time  ?  at 
what  time  by  standard  time  ? 

Ans.  Mar.  2,  8  h.  30  min.  4  sec.  p.  m.;  8  h.  39  min.  49  sec 
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DENOMINATE   FRACTIONS. 

446.  A  Denominate  Fraction  is  one  in  which  the  unit 

of  the  fraction  is  denominate ;  as,  fib.,  .36bu. 

447.  Denominate  Fractions  may  be  expressed  either 
as  common  fractions  or  as  decimals. 

44S.  The  Processes  are  Reduction^  Addition^  Subtrac 
lion,  Multiplication,  Division^  and  Relation, 

REDUCTION   OF   DENOMINATE   FRACTIONS. 

449.  Reduction  of  Denominate  Fractions  is  the  pro- 
cess of  changing  them  from  one  denomination  to  another 
without  altering  their  value. 

450.  There  are  two  general  cases,  reduction  descend- 
ing and  reduction  ascending ^  which  for  convenience  of 
treatment,  are  subdivided  into  several  other  cases. 

REDUCTION   DESCENDING. 

CASE  I. 

451.  To  reduce  a  common  denominate  fractio'n  to 
a  fraction  of  a  lower  denomination. 

1.  Reduce  ^  of  a  shilling  to  farthings. 

Solution. — Since  there  are  12  d.  in  one  shilling,        opebation.  ' 
12  times  the  number  of  shillings  equals  the  number  •   JLxMx4  =  I 
of  pence ;   and  since  there  are  4  farthings  in  one       e*      jT    ' 
penny,  4  times  the  number  of  pence  equals  the 
number  of  farthings ;  hence  -^^  of  a  shilling  equals  ^X  V Xf  farthings, 
which,  by  cancelling  and  multiplying,  becomes  f  of  a  farthing. 

Rule. — Express  the  multiplication  by  the  multipliers  re- 
quired, and  reduce  by  cancellation. 

Reduce 

2.  ^^  of  an  oz.  to  the  fraction  of  a  gr.  Ans  f . 

3.  ^  of  a  bu.  to  the  fraction  of  a  pint.  Ans.  f . 

4.  yfj  of  a  gal.  to  the  fraction  of  a  gill.  Ans.  |. 

5.  ^791(^00  of  a  ton  to  the  fraction  of  an  ounce.  Ans.  -^. 
6*  g 0 g7^ g  Q  of  a  mile  to  the  fraction  of  an  inch.      Ans.  |. 

^*  8 5 4 7^8  0  0  0  ^^  ^  ^^^-  y^-  ^^  seconds.  Ans.  J 

8.  ^4Q|^gQ  of  an  A.  to  the  fraction  of  a  8(\.  in.     Au>s».  \ 
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CASE  n. 

432«  To  reduce  a  cof union  detiominate  fraction  io 
integers  of  a  lower  denomination* 

1.  What  is  the  value  of  ^  of  a  pound  Troy  ? 
Solution. — ^There  are  12  oz.  in  one  pound,  ofebation. 

hence  12  times  the  number  of  pounds  equals  ix  12=*^=9*  oz. 

the  number  of  ounces ;  12  times  J  equals  -^,  4x20=5=61  nwt. 

or  9 J  oz.:  there  are  20  pwt.  in  one  ounce,  |x24=Sffr. 
therefore  20  times  the  number  of  oz.  equals 
the  number  of  pwt.;  20  times  J  equals  4S  or  operation. 

6|  pwt,  etc.  ., 

Solution  2d.— J  of  a  pound  equals  J  of  7  J^]^'  *}f •  Pl^-  gf' 

lb.  and  J  of  7  lb.  we  find  by  dividing  is  9  oz.  9)7__0_0__0_ 
6  pwt.  16  gr.  9     6      16 

Rule  I. — Reduce  the  fraction  until  we  reach  an  integer 
and  a  fraction  of  a  lower  denomination,  set  aside  the  inte" 
ger  and  reduce  the  fraction  as  before,  and  thus  continue  as 
far  as  necessary. 

Rule  II. — Regard  the  numerator  as  so  many  units  of  the 
given  denomination,  and  divide  by  the  denominator. 

What  is  the  value 

2.  Off  of  a  £?  Ans,  13  s.  4'd. 

3.  Of  I  of  a  rod  ?  Ans.  3  yd.  1  ft.  ^  in. 

4.  Of  f  of  a  bushel  ?  Ans,  3  pk,  2  qt.  1|  pt. 

5.  Of  I  of  a  mile  ?  Ans.  266  rd.  11  ft. 

6.  Of  f  of  a  year  ?  Ans.  10  mo.  2  wk.  4  da.  16  h. 

7.  Of  3^  of  a  ton?  Ans.  2  cwt.  66  lb.  10|  oz. 

8.  Of  f  of  an  acre  ?  Ans.  142  P.  6  sq.  yd.  6  sq.  ft.  t2  sq.  in. 

CASE    III. 

493*  To  reduce  a  denominate  decimal  to  integers 
of  lower  denominatioiis, 

1.  Reduce  £.615  to  integers  of  lower  denomination. 

Solution. — ^There  are  20  s.  in  £1,  therefore  20  opebation. 

times  the  number  of  pounds  equals  the  number  of  ^^75 

shillings ;  20  times  .675  equals  13  s.  and  .5  s.:  there  *     20 

ai*e  12 d.  in  1  shilling,  therefore  12  times  the  number  foTnA 

of  shillings  equals  the  number  of  pence;  12  times  .5  lo.oOU 

equals  6  d.    Therefore,  £.675  equals  13  s.  6  d.  i£ 

6.000 

Rule. — Reduce  the  decimal  until  we  reach  an  integer  and 
a  decimal  of  a  lower  denomination,  set  aside  the  integer  and 
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reduce  Uie  decimal  as  be/ore,  and  thus  continue  as  far  ag 
necessary. 

What  ib  the  value 

2.  Of  .9375  of  a  gal.  ?  Afis.  3  qt.  1  pt.  2  gi. 

3.  Of  .1296  of  a  ton  ?  Ans.  2  cwt.  59  lb.  3.2  oz. 

4.  Of  .6781  lb.  Ap.?  Ans.  85  13  9.6  gr. 

6.  Of  1.426  of  a  day  ?    ^ns.  1  da.  10  h.  13  min.  26.4  sec. 
6. -Of  .2845  of  a  year?  Ans.  103  da.  20 h.  13 min.  12 sec. 

7.  Of  .8469  deg.  ?       ^/wj.  58  mi.  182  rd.  5  yd.  .82944  in. 

REDUCTION   ASCENDING. 

CASE  I. 

494«  To  reduce  a  common  denominate  fraction  to 
a  cofnmon  fraction  of  a  higher  denomination, 

1.  Reduce  f  of  a  farthing  to  the  fraction  of  a  shilling. 

Solution. — There  are  4  fcirtliings  in  a  penny,  operation. 

therefore  J  of  the  number  of  farthings  equals  the  «  ^  1  ^  1  1 

number  of  pence :  there  are  12  pence  in  one  shil-  «     i     11      rr- 

ling,  therefore  ^^  of  the  number  of  pence  equals  the  number  of  shillings; 
hence  f  far.  equals  }XiXTV=  «t  ^^  *  shilling. 

Rule. — Express  the  division  by  the  required  divisors^  and 
reduce  by  cancellation. 

Reduce 

2.  ^  of  a  gill  to  the  fraction  of  a  gallon.  Ans.  ■^^. 

3.  3^  sq.  in.  to  the  fraction  of  a  sq.  rd.  Ans.  ^-^f^y. 

4.  8f  in.  to  the  fraction  of  a  mile.  Ans.  g^jgg. 

5.  I  of  J^  to  the  fraction  of  a  Cong.  Ans.  Y^^tr^* 

6.  4^  X  6f  ca.  in.  to  the  fraction  of  a  cord.  Ans.  ^^Vr- 

7.  What  part  of  a  cable  length  is  1  link?  Ans.  i^Voa* 

CASE   II. 

43^.   To  reduce  a  compound  number  to  a  comtnon 
fraction  of  a  higFier  flenoniination, 

1.  Reduce  9oz.  6  pwt.  16  gr.  to  the  fraction  of  a  pound. 

Solution. — By  reduction  we  find  9  oz-  operation. 

6  pwt.  16  gr.  equals  4480  gr. ;  and  also  1  lb.  ^^    p^    ^^ 

equals   5760 gr.;  1  gr.  etpials   ^7^^   of  a  9       6       16=  4480 ct 

pound,  and  4480  gr.  equals  4480  times  ^yVrr*  1  lb.  =  576Q  Sr 

which  equals  f ^J,  which   reduced  to  ita  ^vm* n    ^^^ 

lowest  terms,  equals  J.    Therefore,  etc.  ^ 
U 
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Rule. — Reduce  the  number  to  its  lowest  denomination^  and 
write  under  it  the  number  of  units  of  this  denomination 
which  make  a  unit  of  the  required  denomination  ;  and  then 
reduce  the  resulting  fraction  to  its  lowest  terms. 

Reduce 

2.  213  rd.  1  yd.  2^  ft.  to  the  fraction  of  a  mile.  Ans,  f. 

3.  13  quires  8  sheets  to  the  fraction  of  a  ream.  Ans,  f. 

4.  What  part  of  a  bu.  of  wheat  is  52  lb.  8  oz.?  Ans,^  ^. 

5.  What  part  of  a  quintal  is  85  lb.  llf  oz.  ?  Ans.  ^. 

6.  What  part  of  9  feet  square  is  9  sq.  ft.  ?  Ans.  ^. 

7.  What  part  of  10ft.  square  is  4ft.  square  and  4  sq.  ft.? 

Ans,  \. 

8.  Reduce  114  P.  8  sq.  yd.  5  sq.  ft  113|  sq.  in.  to  the  frac- 
tion of  an  acre.  Ans,  ^. 

9.  What  part  of  a  hhd.  does  a  box  7  in.  long,  5^  in.  wide, 
and  3  in.  deep  contain  ?  Ans,  y^. 

CASE   III. 

4S8*  To  reduce  a  compound  number  to  a  tlecimai 
of  a  higher  denomination. 

1.  Reduce  3  qt.  1  pt  2  gi.  to  the  decimal  of  a  gallon. 

Solution.— There  are  4  gi.  in  1  pt.,  hence  i  of  operation. 

the  number  of  gills  equals  the  number  of  pints  ;  j  4 
of  2  equals  .5,  which  with  the  1  pt.,  equals  1.5  pt.: 

there  are  2pt.  in  1  qt.,  hence  i  of  the  number  of  ^ 

pints  equals  the  number  of  quarts ;  ^  of  1.5  equals  4 


2.00 


L50 

13.75 
.75,  which  with  3qt.  equals  3.75  at. :  there  are  .9375  An8, 

4  qt.  in  1  gal.,  hence  J  of  the  number  of  quarts  *        ' 

equals  the  number  of  gallons ;  J  of  3.75  equals  .9375  ;  hence  3  qt.  1  pL 
2  gi.  equals  .9375  gal. 

Rule. — I.  Divide  the  lowest  term  by  the  number  of  units 
which  equals  one  of  the  next  higher,  and  annex  the  decimal 
quotient  to  the  integer  of  the  next  higher  denomination, 

II.  Proceed  in  a  similar  manner  until  the  whole  is  re- 
duced  to  the  required  denomination. 

Note. — It  may  also  be  done  by  reducing  to  a  common  fraction,  and  tbe 
common  fraction  to  a  decimal. 

2.  Reduce  13  s.  6  d.  to  £.  Ans.  £.675. 

S.  Red  ace  2  cwt,  59J^lb.  to  tons.  Aus.  .I'^^^tou. 
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4.  Reduce  9?  I3  29  8gr.  to  lb.  Ans.  .168}  lb. 

6.  Reduce  12cwt.  87  lb.  3^oz.  to  tons.  Arts.  .6436  too. 

6.  58  mi.  182 rd.  5  yd.  .82944  in.  to  deg.  Arts.  .8469  deg. 

7.  1  d&  10  h.  13  mio.  26.4  sec.  to  days.  Ans.  1.426  da. 

8.  103  da.  20  h.  13  min.  12  sec.  to  yr.  Ans.  .2845  yr. 

ADDITION   OF  DENOMINATfi   FRACTIONS. 

457.  Addiition  of  Denominate  Fractions  is  the  pro- 
cess of  finding  the  sum  of  two  or  more  denominate  fractions. 

1.  Find  the  sum  of  £|,  and  f  of  a  shilling. 

OPERATION. 

Solution.— £J,  we  find  by  Art.  462,  equals  13  s.        j£j  =  13  a.  4d 

4d. ;  and}  8.  equals  9  d.     Taking  the  sum  of  138.         fg.^       *9d 

4  d.  and  9d.  we  have  14  s.  1  d.    Therefore,  etc.  *    -rz — r^ 

148.  Id. 

Rule. — Reduce  the  fraction  to  integers^  and  then  add  as  in 
addition  of  compound  numbers. 

Find  the  sum 

2.  Of  I  bu.  and  J  bu.  Ans.  1  bu.  1  pk.  6  qt.  l|f  pt 
8.  Off  oz.  and  Jib.  Ans  11  oz.6pwt  16  gr. 

4.  Of  I  mi.  and  J  rd.  Ans.  214  rd.  1  yd.  5}  in. 

5.  Of  .325  gal.  and  |  gal.  Ans.  3  qt.  1||  pt. 

6.  Of  $|,  £|,  and  |  of  a  franc.  Ans.  $4.039|. 

7.  Of  .678  A.  and  |  rood. 

Ans.  144  P.  1  sq.  yd.  91.92  sq.  in. 

8.  Of  ^  wk.  ^  da.  ^  h.  and  f  rain. 

Ans.  2  da.  2  h.  30  min.  45  sec. 

SUBTRACTION  OF  DENOMINATE   FRACTIONS. 

458.  Subtraction  of  Denominate  Fractions  is  the  pro< 

cess  of  finding  the  difference  between  two  denominate  fratN 
tions. 

t.  Subtract  f  of  a  shilling  irom  |  of  a  pound. 

OPERATION 

Solution. — £)  equals  13s.  4 d.;  }  of  a  shilling        j£j  =  138.4<L 
equals  9  d. ;  9  d.  subtracted  from  13s.  4  d.  leaves  128.        } s  =        9  d 
7d.    Therefore,  etc  ^^    ^  ' 
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Rule. — Reduce  the  fractions  to  integers  and  then  subtrcicl 
as  in  subtraction  of  compound  numbers. 

2*  Subtract  |  yd.  from  |^  of  a  rd.     Ans.  3  yd.  2  ft  1 1 J  in, 
8.  I  cwt.  from  .36  ton.  Ans,  6  cwt.  33  lb.  5|  oz. 

4.  1 3  from  1.45  ib.  Ans.  1  ft.  43  43  19  12  gr. 

6.  f  0.  from  |f  of  a  Cong.      Ans,  5  0.  10  fj  6  fi5  20  rrt. 

6.  I  cu.  ft.  from  ^  cd.  ft.  Ans,  13  cu.  ft.  288  cu.  in. 

7.  I  mo.  from  .36  of  a  leap  year. 

Ans.  115  da.  2  b.  10  min.  54^\8ec. 

8.  .83  square  rod  from  .2t  acre. 

Ans.  42  P:  24  sq.  yd.  2  sq.  ft.  90  sq.  in. 

MULTIPLICATION   OP   DENOMINATE 

FRACTIONS. 

459.  Multiplication  of  Denominate  Fractions  is  tbe 

process  of  finding  tbe  product  wben  tbe  multiplicand  is  a 
denominate  fraction. 

1.  Multiply  £f  by  7. 

Solution. —7  times  £}  equals  £^,  which  opebatiok. 

by  redu(?tion  we  find  equals  £5  5  s.  There-        £f  X  7  =  JBM^  =£5  5  s 
fore,  etc  * 

Rule. — Multiply  the  denominate  fraction  by  the  given 
multiplier  and  reduce  the  product  to  integers. 

Note. — It  may  also  be  done  by  first  reducing  the  fraction  to  integerf 
and  multiplying  as  in  multiplication  of  denominate  numbers. 

2.  Multiply  |Ib.  Troy  by  11.  Ans,  7  lb.  4  oz. 

3.  Multiply  .82  yd.  by  13.         Ans.  10  yd.  1  ft.  11.76  in. 

4.  Multiply  2 J  ft),  by  3.25.  Ans,  9  ft).  43  13. 

5.  .978  mi.  by  3.45.         Ans,  3  mi.  29  ch.  92  li.  6.336  in. 

6.  .083  A.  by  .35.     Ans.  4  P.  20 sq.  yd.  Isq.  ft.  72  sq.  in. 

7.  .324  A.  by  ?i.  Ans,  34  P.  17  yd.  8  ft.  126^^  in. 

8.  12.16  C.  by  7.0^.  Ans,  85  C.  10  S.  3°  20'. 

9.  If  a  man  dig  6fyd.  of  ditch  in  1  day,  how  much  would 
bo  di>  in  7f  days  ?  Ans,  9  rd.  2  yd.  2  ft.  5}  in. 
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DIVISION  OP   DENOMINATE   FRACTIONS. 

460.  Diyision  of  Denominate  Fractions  is  the  process 

of  finding  the  quotient  when  the  dividend  is  a  denominate 
fraction. 

461.  There  are  Two  Cases : 

Ist  To  divide  a  denominate  fraction  into  equal  parts. 
2d.    To  divide  a  denominate  fraction  by  a  denominate 
integer  or  fraction. 

CASE   I. 

483«  To  divide  a  denominate  fraction  into  a  nutn* 
ber  of  equal  parts. 

1.  Divide  |  bu.  bj  5. 
Solution. — I  of  J  of  a  bushel  operatiok. 

equals  A  of  a  bushel,  which  by        }  bu.  X  i  =  A  hu.  =  6  qt  1*  pt 
reduction,  we  find  equals  oqt. 
Upt    Therefore,  etc 

Rule. — Divide  the  denominate  fraction  by    the    given 
divisor f  and  reduce  to  integers. 

?.  Divide  ^rd.  by  3.  Ans.  2  ft.  9  in. 

3.  Divide  .325yr..by  8.     Ans.  Uda.  19  h.  52min.  SOsec. 

4.  Divide  3.43f  da.  by  .18f.  Ans,  18  da.  8h. 

5.  Divide  6.3  mi.  by  4f.        Ans,  1  mi.  106  rd.  3  yd.  2  ft. 

6.  Divide  2.ibu.  by  .436.  Ans.  6bu.  1  pk.  ti%pt. 

7.  Divide  1 2.16  wk.  by  A.     Ans.  3  mo.  3  wk.  4  da.  12  h. 

8.  Divide  4.35  P.  by  If. 

Ans.  2  P.  12  sq.  yd.  5sq.  ft.  63  sq.  in. 

9.  If  a  bird  fly  20.36  mi.  in  1.33|  hours,  how  far  does  it 
fly  in  one  hour?  Ans.  15  mi.  86  rd.  2yd.  7.2  in. 

CASE  U. 

403.  To  divide  a  denominate  fraction  by  a  denomp- 
iiate  integer  or  fraction. 

1.  Divide  l^cwt.  by  161b. 

OPERATION. 

SoLTmoN.---m  cwt.  equals  144  lb. ;        i  ^j  ^wt.  =  144  lb. 
dividing  1441b.  by  16  lb.  we  have  for  a        144  j^^  ^  iq  i^^  .  9  ^^ 
quotient  9.    Hence  the  following 
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Rule. — Reduce  both  terms  to  like  denominationSf  and 
divide  as  in  simple  numbers. 

2.  Divide  -^oz.  by  60pwt.  Ans,  ^. 

3.  Divide  .625  cwt.  by  500  oz.  Ans.  2. 

4.  Divide  9.75  h.  by  ^^  da.  Ans.  T^. 

5.  Divide  IT^circ.  by  1224.9°.  Ans.  5. 

6.  Divide  4.81cd.  by  S0\^  cd.  ft.  Ans.  IJ. 

7.  Divide  ^^yr.  by  9.81  mo.  Ans.  1. 

8.  Divide  .236  pwt.  by  6.109  gr.  Ans.  ||. 

9.  If  a  farmer  raise  50  bu.  of  wheat  on  440  sq.  rd.  of  land, 
how  much  can  he  raise  on  20f  acres?  Ans.  375 bu. 

10.  If  Weston  should  walk  4f  miles  in  an  hour,  how  long 
would  it  take  him  to  walk  425  miles,  walking  10b.  per  day? 

Ans.  9  da.  1  h.  4  min.  17^  sec. 

THE   GREATEST    COMMON   DIVISOR  OP 
DENOMINATE  NUMBERS. 

464.  The  Greatest  Common  Divisor  of  two  or  more 
denominate  numbers  is  the  greatest  denominate  number 
which  will  exactly  divide  them. 

1.  Find  the  greatest  common  divisor  of  2bu.  3  pk.  6qt 
and  4  bu.  1  pk.  5  qt. 

SoLunoK. — 2ba.  3pk.  6  qt.  equals  operation. 

94  qt.,   and  4bu.   1  pk.   5qt.   equals  gbu.  3pk.  6qt.=  94qt. 

141  qt ;  the  greatest  common  divisor  4  ^u.  1  pk.  5  qt.=  141  qt 

of   94  qt   and   141  qt   we    find    by  q,  c.  D.  =  47  qt 

Art.  179,  18  47  qt  which,  by  reduc-  47    t  _  1  ^u.  1  pk.  7  qt.  Ana. 
tion,  we  find  equals  1  bu.  1  pk.  7  qt  "        ^  ' 

Hence  the  following  rule : 

Rule. — Reduce  the  numbers  to  like  denominations  ;  find 
the  greatest  common  divisor  of  the  results  as  in  simple  num- 
bers, and  then  reduce  it  to  any  convenient  denomination. 

Note. — The  gre&UBi  common  divisor  of  denominate  numbers,  though 
oew,  win  be  found  interesting  and  practical. 

Find  the  greatest  common  divisor 

2.  Of  1646|qt.  and  .93^  hhd.  Ans.  58  gal.  SJqt 
8.  Of  337.6  c.  and  62000°.  Ans.  48  C.  1  S.  23°  20'. 
4.  Of  Ird.  4  yd.  1ft.  3^  in.  and  1.52trd.  Ans.  2  ft.  3^  in. 
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5.  Of  150  gal.  2qt.  Ipt.  3.36  gi.  and  4220.44  pt. 

Arts,  75  gal.  1  qt.  3  68  gi. 

6.  A  farmer  has  3  lots  of  hay  weighing  respectively  |  of 
a  ton,  44|  cwt.  and  5.75  cwt.  65  lb. ;  what  is  the  heaviest 
bale  into  which  he  can  divide  them  ?       Ans.  3  cwt.  20  lb. 

7.  A  man  has  a  triangular  field  whose  sides  are  respec- 
tively 8rd.  3  yd.  2ft.  4  in.,  6rd.  1yd.  Ift.  5  in.,  7rd.  2  yd. 

2  in.  long;  what  is  the  greatest  length  of  boards  that  he  can 
use  in  fencing  it,  without  catting  the  boards  ?  Ans,  6  ft.  1  in. 

8.  What  are  the  largest  sized  house  lots  of  equal  extent 
into  which  3  fields,  containing  respectively   2  A.    100  P., 

3  A.  17 J  P.,  and  2  A.  115|P.  may  be  divided? 

Ana.  15  P.  16  sq.  yd.  7  sq.  ft.  36  sq.  in. 

THE   LEAST  COMMON  MULTIPLE   OF  DENOMI- 

NATE   NUMBERS. 

465.  The  Least  Common  Multiple  of  two  or  more 

denominate  numbers  is  the  smallest  denominate  number 
that  is  a  whole  number  of  times  each  of  them. 

]•  Find  the  least  common  multiple  of  2  bu.  3  pk.  6  qt  and 

4  bu.  1  pk.  5  qt. 

Solution. — 2  bu.  3  pk.  6  qt.  operation. 

equals   94  qt.    and   4  bu.  1  pk.  g  bu.  3  pk.  6  qt.  =  94  qt. 

5,^^  /^?^^  ^^}  ,f  ;  ^  *^'?  h  ^-  4  bu.  1  pk.  6  qt.  =  141  qt. 

?J;?ooo  "1^  *°A  l^J  *1^'  ?  ^^"^^  L.  C.  M.  =  282  qt. 

187)  282  qt.,  which  by  reduction,        „^^   ^       o  v.     o    i    o    *     .i 

we  find  ^uals  8  bu.  3  pk.  2  qt.         282 qt  =  8  bu.  3  pk.  2  qt.,  Ans. 

Hence  the  following  rule : 

Rule. — Reduce  the  numbers  to  the  same  denomination, 
find  the  least  common  multiple  of  the  results,  as  in  simple 

numbers,  and  reduce  it  to  any  convenient  denomination. 

Note. — The  least  common  multiple  of  denominate  numbers,  though 
new,  will  be  found  interesting  and  practical. 

Find  the  least  common  multiple 

2.  Of  40  lb. ;  30  lb. ;  and  26  lb.  1 0|  oz. 

Ans.  2  cwt.  401b. 

8.  Of  30  sq.  yd.  6  sq.  ft. ;  690  sq.  ft. ;  57^  sq.  yd. 

Ans.  8  A.  22  P.  21  sq.  yd.  1  sq.  ft.  72  sq.  in, 

4.  Of2bu.  |pk. ;  44|pk. ;  19.96875  bu. 

Ans.  QQ  hM.  ^  \\^.  ^  Q^.- 
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9.   Of  .3916|5  ;  .342^5  ;  117.5  gr.  Ana,  I5  53  23  2^  gr. 

6.  Of  10  min.  .1  sec. ;  1  h.  10  min.  .7  sec. ;  1.5  h.  1  sec. 

Ans.  10  h.  30  min.  7  sec. 

7.  What  are  the  conteDts  of  the  least  possible  keg  that 
will  hold  an  exact  number  of  times  the  contents  of  each  of 
three  kegs,  holding  respectively  |J  of  a  gallon,  2  gal.  3  qt., 
and  4  gal.  3|  qt.  ?  Ans.  24  gal.  3  qt. 

8.  What  is  the  area  of  the  smallest  square  lot  that  can 
be  enclosed  by  boards  5  ft.  3  in.,  10  ft.  6  in.,  or  15  ft.  9  in.  in 
length  without  cutting  the  boards  ? 

Ans.  3  P.  19  sq.  yd.  4i^sq.  ft. 

MISCEIiliAlTEOXTS   FROBXiEMS. 

]•  A  shipper  sold  16  bales  of  hay,  each  weighing  4  cwt. 
96  lb.,  at  $2.31^  per  cwt. ;  what  did  it  amount  to  ? 

Alls.  $188.48. 

2.  A  can  dig  21  rd.  4  yd.  2  ft.  of  ditch  in  3  days,  and  B 
can  dig  35  rd.  2  yd.  1^  ft.  in  4  days ;  how  much  can  they 
together  dig  in  a  week  ?  Ans.  96  rd.  4  yd.  2  ft.  6  in. 

3.  Mr.  James  was  born  Feb.  29th,  1832,  and  died  May 
10th,  1864;  how  many  birthdays  did  he  see  and  what  was 
his  exact  age?  Ans.  9  birthdays ;  age,  32  yr.  2  mo.  11  da. 

4.  The  Knickerbocker  Ice  Company  have  an  ice-house 
50  ft.  long,  40  ft.  wide,  and  24  ft.  high ;  how  many  tons  of 
ice  will  it  hold,  a  cubic  foot  weighing  58  J  lb.  ?  Ans.  1395. 

5.  A  druggist  bought  3  lb.  8oz.  Av.  of  drugs  for  $52.50, 
and  made  them  up  into  pills  of  5  grains  each,  which  he  re- 
tailed at  36/  a  dozen  ;  what  was  his  gain  ?    Ans.  $94.50. 

6.  The  longitude  of  Cairo  is  108^  17'  6''  east  of  Wash- 
ington,  and  that  of  St.  Joseph  17°  40'  44''  west;  what  is 
ihe  time  at  St.  Joseph  when  it  is  midnight  at  Cairo? 

Ans.  3  h.  36  min.  8|  sec.  p.  m. 

7.  A  lady  wished  to  make  tucks  J  of  an  inch  wide,  leav- 
ing \  of  an  inch  between  the  edge  of  one  tuck  and  the 
stitching  of  the  next ;  how  many  can  she  make  in  yard-wide 
muslin  ?  ^ns.  41  tucks  and  J-  inch  remaining. 

8.  I  bought  400  tons  of  coal  in  England  for  3  s.  6  d.  a  cwt., 
paid  $1.50  a  ton  for  transportation,  and  sold  them  in  New 
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York  at  68^  cents  a  cwt. ;   did  I  gain  or  lose,  and  how 
much?  An8.  Lost,  $1813.10. 

9.  A  merchant  traded  16  gross  and  4  dozen  of  buttons 
worth  $5  a  gross,  for  hats  worth  $3  apiece,  and  3  dozen 
caps  at  $7}  a  dozen  ;  how  many  hats  did  he  receive  ? 

Ans,  20. 

10.  The  circumference  of  the  fore  wheels  of  a  wagon  is 
10  ft.  4  in.,  that  of  the  hind  wheels  15  ft.  3  in. ;  how  far  must 
the  wagon  move  that  the  wheels  may  hold  the  same  relative 
position  to  each  other  as  when  it  started  ?  Ans,  630  yd.  1  ft. 

11.  What  are  the  dimensions  of  the  least  possible  pile 
that  can  be  made  either  out  of  scantling  3^  ft.  long,  2^  in 
wide,  and  1.9 in.  deep;  15|  ft.  long,  12^ in.  wide,  and  9^ in 
deep;  or  9Jft.  long,  t^  in.  wide  and  5^ in.  deep? 

Ans.  46|ft.;  37^  in.;  28^  in. 

!?•  A  merchant  had  a  cask  of  vinegar  from  which  there 
leaked  away  26  gal.  3  qt.  1  pt. ;  he  then  put  in  19  gal.  2  qt., 
and  sold  24  gal.  3  qt.,  and  found  there  lacked  39  gal.  1  qt.  I 
pt  of  being  60  gal.  ;  how  much  was  in  the  cask  at  Grst  ? 

Ann.  52  gal.  3  qt. 

18.  A,  B,  and  C  started  on  the  morning  of  the  same  day 
to  travel  round  a  lake  12^  miles  in  circumference;  A  trav- 
eled 3  mi.  106|rd.,  B,  10  miles,  and  C,16mi.  213^ rd.  a  day; 
how  many  days  must  they  travel  before  they  will  meet 
again  at  the  place  where  they  started  ?  Ans,  3  J  days. 

14.  G.  W.  Whitney  &  Co.  bought  of  Johnson  &  Co., 
London,  July  15,  1877,  15^  reams  Bath  post  paper  @  £1 
2  s.  6  d. ;  5000  envelopes  at  17  s.  9  d.  ^  M. ;  20  gross  Gillott's 
pteel  pens  @  4s.  3d. ;  5  gross  Faber's  lead  pencils  @  18s. 
9  d. ;  and  4  dozen  diaries  at  10  s.  a  dozen.  Make  out  and 
receipt  Whitney  &  Co.^s  bill.  Ans,  £32  16s.  3d. 

16.  What  are  the  dimensions  of  the  largest  possible  sticks 
of  timber  of  equal  size  that  can  be  used  to  make  3  piles,  re- 
spectively 28  ft.  long,  17  ft.  6  in.  wide  and  14  ft.  high  ;  46 
ft.  8  in.  long,  24  ft.  6  in.  wide,  and  18  ft.  high  ;  and  65  ft.  4 
in.  long,  31  ft.  6  in.  wide,  and  22  ft.  high  ? 

Ans,  9  ft.  4  in. ;  3  ft.  6  in.  ;  2  ft 
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16*  An  American  traveling  in  a  coach  going  about  10 
English  miles  an  hour,  inquired  the  distance  to  Berlin  and 
was  told  it  was  15  miles ;  at  the  end  of  an  hour  and  a  half, 
seeing  no  signs  of  the  city,  he  again  inquired  how  long  it 
would  be  before  they  arrived,  and  was  told  that  it  would 
take  about  b^  hours.  What  was  the  distance  in  English 
miles  at  the  time  of  the  first  inquiry?  Ans.  ^0^^, 

17.  Two  men,  A  and  B,  on  opposite  sides  of  a  pond, 
which  is  97  rd.  2  yd.  1  ft.  6  in.  in  circumference,  start  simul- 
taneously to  go  around  it  in  the  same  direction.  A  walks 
16  rods  in  one  minute,  and  B  22|  yards  in  15  seconds;  how 
often  will  B  circumambulate  the  pond  before  they  arrive  to- 
gether at  the  place  from  which  B  started?  Ans,  It  times. 

18*  A  vessel  sailed  from  Philadelphia,  and  after  being  out 
30  days,  the  captain  took  an  observation  and  found  the 
solar  time  to  be  2  h.  16  min.  24  sec.  p.  m.,  the  chronometer 
at  the  same  time  marking  lib.  36  min.  40  sec.  A.  m.  ;  re- 
quired the  longitude  of  the  vessel,  supposing  the  chronom- 
eter to  have  lost  4^  sec.  per  day.         Ans.  35°  44'  35"  W. 

19*  Two  pedestrians  are  on  a  straight  road  on  opposite 
sides  of  a  gate,  and  distant  from  it  2  mi.  120  rd.  and  4  mi.  80 
rd.  respectively,  and  travel  each  towards  the  original  station 
of  the  other.  The  first  travels  120  rods  in  10  minutes,  and 
the  second  133^  rods  in  10  minutes ;  how  long  must  they 
travel  before  they  are  equally  distant  from  the  gate  ? 

Ans.  1st  time  83^  min. ;  2d  time  450  mia. 
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SECTION       VII. 

PllACTICAL  MEASUREMENTS.    . 

406.  The  Applications  of  Metunres  to  the  farm,  the 
Luusehold,  the  mechanic  arts,  etc,  are  so  extensive  that  we 
now  preeent  a  distinct  treatment  of  the  subject. 

407.  These  Practical  MeasnrementB  icclude  Mens- 
urea  of  Surface,  Measures  of  Volume,  and  Measures  o< 
Capacity. 

MEASURES  OP   SURFACE. 

408.  A  Surface  is  that  which  has  length  and  breadth 
without  tbickaeHB. 

409.  The  Area  of  a  surface  is  expressed  by  the  uumber 
of  times  it  contains  some  other  surface  used  as  a  unit  of 


THE  RECTANGLE. 

470.  A  Rectangle  is  a  plane  surface  hav-    r- 
ing  four  sides  and  four  right  angles.    A  slate, 
a  door,  the  sides  of  a  room,  etc,  are  examples    \__ 
of  rectanglea. 

471*  A  Rectangle  has  two  dimensions, 
length  and  breadth.  A  Sqiiare  is  a  rectangle  in 
which  the  sides  are  all  equal. 

473.  The  Area  of  a  rectangle  is  the 
burfaee  included  within  its  sides.  It  is 
expressed  by  the  numlser  of  times  it  con- 
tains a  small  square  as  a  unit  of  measure. 


D 


Role  I — To  find  the  area  of  a  square  or  rectangle,  muL 
tiply  itg  length  by  its  breadth. 

For,  in  the  rectangle  above,  the  whole  Dumber  of  little  iquarea  ia 
eoual  to  the  number  in  each  row  multiplied  by  the  nun-ber  af  roire, 
-'""I'  in  equal  to  the  namber  of  linear  units  in  the  length  mulliplits)  b» 
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Rule  II. —  To  find  either  side  of  a  square  or  rectangle^ 
divide  the  area  by  the  other  side. 

Notes. — 1.  The  sides  multiplied  must  be  of  the  tame  denmnination^  and 
the  product  will  be  tqiutre  uhUs  of  that  denomination,  which  may  be 
reduced,  if  necessary,  to  higher  denominations. 

2.  in  dlTiding,  the  linear  unit  of  the  side  must  be  of  the  same  name  as 
the  tqiiare  unit  of  the  area,  and  the  quotient  will  be  linear  units  of  the 
same  denomination. 

KXAMFLES  FOR  FX2ACTZCE. 

1.  What  is  the  area  of  a  rectangular  lot  150  ft.  long  and 

80  ft.  wide  ? 

Solution. — To  find  the  area,  we  multiply  the  length  by  the  breadth, 
and  we  have  150x80  =12000  sq.  ft. ;  recfucing  this  to  square  yards,  we 
have  1333 j^  sq.  yd. 

2.  How  many  square  yards  in  the  surface  of  a  blackboard 
24  ft.  long  by  4^  ft.  wide  ?  Ans.  12  sq.  yd. 

B«  A  room  18  feet  wide  has  a  floor  containing  360  sq.  ft; 
what  is  its  length  ?  Ans,  20  ft 

4*  How  many  square  feet  in  the  walls  of  a  room  25  ft  long, 
n  ft.  6  in.  wide,  and  9  ft.  6  in.  high  ?         Ans,  807^  sq.  ft. 

5.  What  is  the  surface  of  a  cubical  box,  each  of  whose  di- 
mensions is  2  feet  9  in.?  Ans.  45f  sq.  ft. 

6.  How  many  sq.  feet  in  the  surface  of  a  chest  3  ft.  9  in. 
long,  2  ft.  6  in.  wide,  and  1  ft.  9  in.  high?     Ans.  40|8q.  ft. 

7.  A  lady  wishes  to  set  out  tulips  in  a  bed  12  ft.  long  and 
3  ft  wide.  How  many  can  be  planted  at  a  distance  of  9 
in.  apart  and  4^  in.  from  the  edge  ?  Ans,  64  tulips. 

8.  A  garden  160  ft.  long  and  105  ft  wide  has  a  walk 
around  it  7  ft  in  breadth ;  how  much  ground  is  contained 
in  the  walk?  Ans,  3514  sq.  ft 


o 


THE  TRIANGLE. 

473.  A  Triangle  is  a  plane  surface 
baving  three  sides  and  three  angles ;  as 
ABC. 

474.  The    Base   is  the   side    upon 
which  it  seems  to  stand ;  as,  AB.     The  ^ 
Altitude  is  a  line  perpendicular  to  the  base,  drawn  from  the 
ansrle  opposite ;  as,  CD. 
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4l78.  a  triangle  which  has  its  three  sides  equal  is  called 
cquUaterai  ;  tirhen  two  sides  are  equal  it  is  called  isasceleH  ; 
when  its  sides  are  unequal  it  is  called  scalene. 

Bole  I. —  To  find  the  area  of  a  triangle^  multiply  the  ba»te 
by  one-half  of  the  altitude. 

Rule  II. —  To  find  the  base  or  altitude  of  a  triangle^  dv 
vide  the  area  by  one-half  of  the  other  dimension. 

TIXAMFLES  FOR  FHACTZCB. 

1*  What  is  the  area  of  a  triangle  whose  base  is  15  ft.  6  in. 
and  altitude  8  ft.  9  in.  ? 

Solution. — To  find  the  area,  we  multiply  the  base  by  one-half  the 
altitude;  16ix4i  =  67f f  sq.  ft.,  or  67  sq.  ft.  117  sq.  in. 

2  How  many,  square  yards  in  a  triangle  whose  base  is 
20  ft.  9  in.,  and  altitude  10  ft.  11  in.  ? 

Ans,  12  sq.  yd.  Ssq.  ft.  37^  sq.  in. 
3.  Required  the  area  of  the  gable  end  of  a  house  32.5  ft 
wide,  the  ridge  being  15.25  feet  above  the  wall. 

Ans.  27  sq.  yd.  4  sq.  ft.  lit  sq.  in. 
i.  A  triangular  lot  contains  233  sq.  yd.  6  sq.  ft.  108  sq.  in. ; 
its  base  is  165  ft.;  what  is  its  altitude  ?      Ans,  25  ft.  6  in. 

5.  I  have  a  triangular  flower-bed  containing  48  sq.  ft.  63 
sq.  in.,  whose  altitude  is  6  ft.  3  in.;  what  is  the  base  ? 

Ans,  15  ft.  6  in. 

6.  The  gable  end  of  a  house  contains  47  sq.  yd.  6  sq.  ft, 
the  width  of  the  house  being  17  yd.  1  ft.;  what  is  the 
height  of  the  ridge  ?  Ans,  16  ft.  6  in. 

THE  CIRCLE. 

470.  A  Circle  is  a  plane  6gure  bounded 
by  a  curved  line,   every  point  of  which   is 
equally  distant  from  a  point  within,  called  ^ 
the  centre, 

477.  The  Circumference  of  a  circle  is  the  bounding 
line ;  any  part  of  the  circumference,  as  BC,  is  an  Arc.  An 
arc  of  one-fourth  of  the  circumference  is  called  a  Quadrant, 

478.  The  Diameter  is  a  Vine  pa.ae\i\^  \X«o\5i^  'Cvi'^  ^^^nx'^ 
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and  lerminatiDg  in  the  circumference  ;  as,  AB.     The  Radiru 
is  a  line  drawn  from  the  centre  to  the  circumference;  as,  OD. 

Rule  I. —  To  find  the  circumference  of  a  circle^  multiply 
the  diameter  &t/  3.1416. 

Rule  II. —  To  find  the  diameter  of  a  circle,  multiply  the 
circtfmference  by  .3183. 

Rule  III. —  To  find  the  area  of  a  circle,  multiply  the 
circumference  by  one-fourth  of  the  diameter,  or  multiply 
the  square  of  the  radius  by  3.1416. 

TIXAMFLES    FOR   FXSACTICE. 

1.  The  diameter  of  a  circle  is  15  ft.  9in. ;  what  is  its 
circumference  ? 

Solution, — To  find  the  circumference,  we  multiply  the  diameter 
by  3.1416;  3.1416x15}  =  49.4802;  hence  the  circumference  equals 
^9.4802  ft. 

2.  What  is  the  length  of  the  tire  of  a  carriage  wheel  4  ft. 
6 in.  in  diameter?  Ans,  14.1372ft. 

3.  In  a  square  in  a  certain  citj  is  a  fountain  whose  basin 
is  4ch.  511.  in  circumference;  what  is  its  diameter? 

Ans.  Ich.  28.911511. 

4.  The  end  of  the  minute-hand  of  a  church  clock  passes 
over  50  inches  in  15  minutes;  what  is  the  length  of  the 
minute-hand?  Ans.  31.83 in. 

5.  How  much  ground  is  occupied  by  a  circular  light- 
house, its  circumference  being  50  ft.  ?   Ans.  198.9375  sq.  ft. 

6.  Within  a  circular  plot  50  rods  in  diameter  is  a  circular 
pond,  whose  edge  is  everywhere  6  rods  from  the  edge  of 
the  plot;  what  is  the  area  of  the  pond?  Ans.  1134.1176  P. 

7.  A  walk  3  ft.  wide  extends  around  the  above  mentioned 
plot;  what  is  the  area  of  the  walk?         Ans.  7803.7344ft. 

MEASUREMENT   OF   LAND. 

479.  The  Unit  of  Measure  of  land  is  the  Acre,  which 
is  sometimes  divided  into  square  rods  and  sometimes  into 
Hquare  chains.     Hundredths  of  an  acre  are  also  frequently 
used 
Jn  1802,  (Jol.  Jared  Mansfield,  Surveyor-OeneraYoi  vYi^'SoT\N\-"^e&\ierck 
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rerritories,  adopted  a  convenient  method  of  laying  out  Govemiiieni 
lands.  The  country  was  divided  by  parallels  and  meridians  G  miles 
apart,  into  squares  containing  36  square  miles,  called  Townships.  The 
townships  are  divided  into  square  miles,  called  Sections^  and  each  section 
into  quArier-seetwM,  Hence,  640  acres  make  a  section^  and  160  acres  a 
onarter'Section.  The  quarter-sections  are  still  further  subdivided  into 
kal/'^tJUurter'SectionSf  guarter-qtuirtei'-sectionSf  and  lots.  Lots  are  often  of 
irregular  form  on  account  of  natural  boundaries,  but  contain,  as  near  as 
may  be,  a  quarter-quarter-section. 

A  Tovmship  in  the  newer  States,  laid  out  as  explained  above,  is  a 
square  of  36  miles;  but  in  the  older  States  the  townships  are  irregular 
in  shape  and  variable  in  size.  A  Township  is  a  division  of  a  county 
made  for  convenience  in  holding  elections.  There  nmst  be  at  least  one 
place  of  voting  in  each  township. 

Note. — The  pupil  will  remember  that  rods  multiplied  by  rods  give 
tqaare  rods,  chains  by  cfiains  give  sq^tare  chains;  also,  that  1  acre  =10 
square  chains  or  160  square  rods. 

BXAMFLSS    FOK    FHACTICS. 

1#  I  have  a  rectangular  lot  40 ch.  long  and  36 ch.  wide; 
how.many  acres  does  it  contain? 

Solution. — The  area  equals  40x36,  or  1440  8q.  ch.  which,  reduced 
to  acres  by  dividing  by  10,  equal  144  acres. 

2*  A  has  a  square  lot  32  chains  on  a  side ;  how  many 
acres  does  it  contain  ?  Ans.  102  A.  64  P. 

H,  A  rectangular  lot  contains  144  A.  135  P. ;  the  length 
o'  one  side  is  43  ch. ;  what  is  the  other  ?    Ans.  33.68+  ch. 

4.  A  field  is  76  rd.  10  ft.  5  in.  long  by  44  rd.  7  ft.  9  in. 
wide ;  what  is  its  area  ? 

Ans.  21  A.  47  P.  209  sq.  ft.  141  sq.  in. 

5.  I  wish  to  fence  a  quarter-section  with  hemlock  raiks 
8^  ft.  long,  lapping  6  inches,  the  fence  being  6  rails  high ; 
how  many  rails  will  be  required,  and  what  will  be  the  cost 
at  $42  ^  M.  ?  Ans.  7920  rails;  $332.64. 

6.  A  field  16  chains  long  contains  16  acres,  while  another 
6eld  of  the  same  width  contains  only  12  acres;  what  is  the 
length  in  rods  of  the  latter  field  ?  Ayis.  48  rods 

7.  How  much  less  will  it  cost  to  fence  a  field  64  rods 
square  than  a  rectangular  field  2}  times  as  long  and  |  as 
wide,  if  fencing  cost  $2.75  a  rod?  Ans.  $316.80. 

S.  In  a  lot  64  rods  square,  I  planted  4  acres  of  corn,  350 
square  rods  with  potatoes,  20  rods  square  with  regetables,  6 
acres  with  berries,  and  the  remamdei  Yi\\)[i  \>fe«i"^5cL  Vt^^^%  Vw^ 
much  w&B  reserved  for  peaches?  Au»,  \^  KA^Si^ . 
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PLASTERING,  PAINTING,  AND  KALSOMINING. 
480.  Plastering,  Painting,  and  Kalsomining   are 

usually  computed  by  the  square  yard. 

Allowance  is  sometimes  made  for  openings  in  the  walls,  as 
doors  and  windows,  but  custom  vaiies  bo  much  in  dittereut  local- 
ities that  no  general  rule  can  be  given.  Half  the  area  of  the  doors 
and  windows  is  often  deducted. 

EXAMFZ^ES  FOR  FXeACTZCE. 

1.  What  will  be  the  cost  of  plastering  a  room  40  ft.  long, 
25  ft.  3  in.  wide,  and  9  ft  9  in.  high,  at  38^  a  sq.  yd  ? 

Solution.— The  surface  equals  40x25J+(40-f-25i)X9}x2= 
2282|sq.  ft.^253fi  sq.  yd.;  cost=$.38x25afi^$96.86|j. 

2.  What  is  the  cost  of  painting  a  wainscot  4  ft.  6  in.  high 
in  a  room  25  ft.  by  16  ft.  8  in.  at  45^  a  sq.  yd  ?  Aiis.  $18.75. 

3.  What  will  it  cost  to  paint  the  outside  of  a  house  60  ft. 
long,  40  ft.  wide  and  25  ft.  high,  the  gable  being  16  ft.  high, 
with  2  coats  at  W  a  sq.  yd.  each  ?  Ans,  $119.06S. 

4*  What  will  it  cost  to  plaster  a  room  40  it  long,  22  ft. 
wide  and  9  ft.  6  in.  high,  at  28^  a  sq.  yd.,  deducting  96  sq. 
ft.  for  doors  and  windows?  Ans.  $61.04. 

5*  What  will  it  cost  to  plaster  a  house  of  10  rooms,  4  of 
20X16  ft.  and  8i  ft.  high  ;  4  of  20x16  ft.  and  9i  ft.  high ; 
2  of  20X15,  one  being  8  ft.  and  the  other  9  ft.  high,  2  halls 
32X8  ft.,  one  being  8  J  ft.  and  the  other  9}  ft.  high,  allow- 
ance being  made  for  20  doors,  7iX3,  and  24  windows  6Jx3, 
at  18^  per  sq.  yd?  Am.  $211.36. 

ROOFING,  FLOORING,  PAVING,  ETC. 
481*  Paving'  and  ceiling*  are  estimated  by  the  square 

foot  or  square  yard.    Roofing,  flooring,  partitioning, 

slating,  etc.,  are  generally  reckoned  by  the  square  of  100 
square  feet,  but  sometimes  by  the  square  foot  or  yard. 

483*  Shingles,  which  commonly  measure  18  in.  by  4 

in.,  are  estimated  by  the  thousand  or  bundle.     1000  shingles 

are  generally  allowed  to  a  square  of  100  sq.  ft. 

exampZjES  for  fractics. 
1.  What  will  it  cost  to  slate  the  roof  of  my  barn  65  ft. 

hug  and  24  ft.  6  in.  from  eaves  to  T\dge,  at  $8.75  per  square  ? 
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Solution. — Surface  of  roof  equals  65 x24jx 2=3185  sq.  ft.=^ 
81.85  squares;  co8t^$8.75X31.a5==|278.683. 

2.  What  will  it  cost  to  pave  a  street  36  ft.  wide  and  2240 
ft.  long,  at  30^  per  square  foot  ?  Ans,  $24192. 

3*  How  many  slates  12x24,  J  exposed  to  the  weather,  will 
be  required  to  cover  a  coof  112  it.  long  and  40  ft  from  eaves 
to  ridge?  ^rw.  13440. 

4.  What  will  be  the  expense  of  shingling  a  roof  S5  ft.  long 
and  25  it  from  eaves  to  ridge,  the  shingles  being  worth 
$14.25  f>,  M,?  Am,  $605.62J. 

5.  How  many  shingles  will  it  take  to  covt;r  a  roof  65  i^ 
long  and  30  It  from  eaves  to  ridge,  each  shingle  being  ex- 
posed one-third  to  the  weather,  and  the  first  course  being 
double?  Ans.  23790. 

6.  Which  would  cost  most,  a  brick  sidewalk  7i  it  wide  and 
600  ft.  long,  at  $1.25  a  sq.  yard,  or  a  stone  sidewalk  of  the 
same  dimensions,  at  18)^  asq.  ft.?  Ans.  The  stone,  $178.83  J. 

CARPETING,  LINING,  ETC. 

483.  In  Carpeting  we  take  into  consideration  the  width 
of  the  carpet,  the  allowance  for  matching  the  figures,  and 
whether  the  strips  run  lengthwise  or  crosswise, 

1.  Carpets  are  usually  1  yd.  or  }  yd.  wide  ;  but  matting,  oil- 
cloth aud  other  materials  used  for  covering  floors  are  of  various 
widths. 

2.  To  match  the  figures  we  must  often  turn  under  or  cut  oflf 
one  of  the  ends.  When  an  exact  number  of  strips  is  a  little  too 
wide  for  the  room,  a  part  of  one  breadth  is  turned  under. 

Rule. — Find  the  number  of  strips  required,  and  multiply 

the  number  of  yards  in  each  strip  by  the  number  of  strips. 

Note. — In  lining  divide  the  whole  surface  by  the  surface  of  a  yard 
of  the  material. 

EXAMFZiES  FOH  FHACTICB, 

1.  How  many  yards  of  carpet  f  yd.  wide  will  carpet  a 
room  24  ft.  9  in.  by  18  ft,  the  carpet  running  lengthwise  ? 

Solution. — Tt  will  take  8  strips  each  24  ft.  9  in.  long  ;  hence  it 
will  require  24}x8-5-3=66  yd. 

2.  What  will  it  cost  to  carpet  lengthwise  a  room  33  ft. 

15 


226  NORMAL     HIGHER     ARITHMETIC. 

long  and  24  ft.  wide,  with  ingrain  carpet  1  yd.  wide,  at  75 f 
a  yard,  allowing  6  in.  waste  for  matching  the  figures  on  each 
piece?  Am,  $67. 

3.  A  lady  wishes  to  carpet  crosswise  a  parlor  33  ft.  by 
16  ft.  4  in.  with  Brussels  carpet  i  yd.  wrde  ;  how  many  yards 
must  she  buy,  allowing  nothing  for  matching  ?  Ans.  811  yd. 

4.  I  wish  to  cover  a  dining-room  24  ft.  long  by  21  ft  wide 
with  matting  3i  ft.  wide ;  how  many  yards  will  it  take  run- 
ning lengthwise  ?  how  many  crosswise  ?    Aits,  48yd.;  49  yd. 

5.  I  have  a  table  6  ft.  long  and  3  ft.  4  in.  wide,  which  I 
wish  to  cover  with  a  baize  cloth  hanging  down  10  inches  on 
each  side;  how  many  square  yards  do  I  require,  and  how 
many  yards  in  length?  Ans.  Aij  sq.  yd.;  2S  yd. 

6.  My  parlor  has  four  windows,  to  curtain  each  of  which 
it  requires  8  yards  of  damask  I  yd.  wide  @  $1.75,  lined  with 
silk  f  yd.  wide  @  1 ;  also  5^  yds.  of  trimming  @  $1.25,  and 
a  cornice  @  $4.50  ;  required  the  nun^ber  of  yards  of  silk  and 
the  whole  cost  of  the  curtains.       Aiis,  26i  yd.;  $128.16S. 

PAPERING. 

484.  Wall  paper  is  sold  only  by  the  roll,  and  in  esti- 
mates a  part  of  a  roll  is  reckoned  as  a  whole  roll. 

485.  A  roll  of  American  paper  is  commonly  8  yd.  long 
and  h  yd.  wide. 

1.  Paper  is  now  usually  put  up  in  double  rolls  16  yd.  long. 

2.  Borders  and  friezes  are  sold  by  the  yard,  and  vary  in  width 
from  3  in.  to  18  in. 

3.  On  account  of  waste,  the  cost  of  papering  a  room  can  only 
be  approximately  estimated. 

Rule. — I.  Find  the  entire  distance  around  the  room  in  yards, 
and  multiply  this  by  2,  to  Jin   tJie  number  of  half-yards  or  strips, 

II.  Divide  the  number  of  strips  required  for  the  room  by  the 

number  of  strips  that  can  be  cut  from  a  roll ;  the  quotient  unll 

be  the  number  of  rolls  required. 

Since  there  are  24  feet  in  a  roll,  if  the  length  of  the  strips  is  8  feet  or 
less,  3  strips  can  be  cut  from  a  roll;  if  between  8  ft.  and  12  ft.,  2 
strips,  etc.     A  double  roll  makes  twice  as  many  strips. 
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1.  How  many  rolls  of  paper  will  cover  the  walls  of  a  room 
33  fL  long,  24  fb.  wide,  and  9  ft.  6  in.  high? 

Solution. — The  distance  around 
the  room  is  2X  (33-f  24)=114  ft.=38  operation. 

yd.=76  half  yards.  Since  the  height  ov/  fooj_<}A\ ha  «■ 

is  9i  ft.  we  can  cut  only  2  full  strips  ^^{9^-t^)-^\^  "J- 
from  a  roll  of  24  ft.     Hence  the  — takoiV.^ 

number  of  rolls  will  equal  7(5-^2=38  76-i-2"^38  rolls 

rolls.  "^ 

2*  What  will  be  the  cost  of  papering  the  above  room  at 
25^  a  roll,  including  also  a  gilt  moulding  around  the  top  of 
the  walls  at  6)^  a  ft?  Ans,  $16.34. 

3.  What  will  be  the  cost  of  papering  the  walls  and  ceiling 
of  a  room  25  ft.  long,  15  ft.  8  in.  wide,  and  9i  ft.  high,  at 
$1.75  a  double  roll,  deducting  3  rolls  for  doors  and  windows? 

Am.  $24^0. 

4.  Required  the  cost  of  papering  the  waljs  of  a  parlor  35 
ft.  long,  18  ft.  wide,  10  it.  high,  with  base  board  1  ft.  wide,  at 
$1.25  a  double  roll,  having  also  a  border  18  in.  wide,  at  45^ 
per  yard,  the  price  including  the  cost  of  putting  on  the  paper 
and  border.  Ans.  $30.90. 

Note. — The  width  of  base-board  and  border  must  be  deducted  from 
height  of  room  to  obtain  length  of  strip. 

5.  What  will  be  the  cost  of  papering  a  room  25  ft.  long, 
16ft.  wide,  and  9  ft.  high,  the  base  board  being  6  in.  wide, 
with  paper  at  45^  the  double  roll,  having  a  border  6  in. 
wide,  at  9f  per  yard,  the  cost  of  putting  on  the  paper  bfeing 
$4  ?  Afis.  $10.96. 

MEASURES  OF  VOLUME. 

486.  A  Volume  is  that  which  has  length,  breadth,  and 
thickness  or  height.  These  three  elements  are  called  dimen- 
sions.    A  volume  is  also  called  a  solid. 

487.  By  the  Contents  of  a  volume  we  mean  the  amount 
of  space  it  contains.  The  contents  are  expressed  by  the 
number  of  times  it  contains  a  cube  as  a  unit  of  measure. 
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THE  CYLINDER, 

4SS.  A  Cylinder  is  a  round  body  of  u 
form  eize,  with  equal  and  parallel  circles  for  its 
ends.     The  two  circular  ends  are  called  bases. 

4SO.  The  Altitude  of  a  cy liader  is  the  dis 
taDce  from  the  centre  of  one  base  to  the  centre 
of  the  other. 

400.  The  Oonvex  Surface  of  a  cyliader  is  the  surface 
of  the  curved  part. 

Rule  I. —  To  find  the  convex  surface  of  a  cylinder,  muU 
liply  the  circumference  of  the  base  by  the  altitude. 

Role  II. — To  find  the  contenlsofa  cylinder,  multiply  the 
area  of  the  base  by  the  altUude. 

EZAJiCFZ.ES  f  OS  FBACnCE. 

1.  What  is  the  convex  surface  of  a  cylinder,  the  diameter 
of  whose  base  is  10  inches,  and  whose  altitude  is  18  inches  ? 

Solution. — The  circumference  of  the  base  cquala  10  iQ.x3.1416, 
nhichia  31.416  iDcheu;  multiplying  b^  the  ullitucJe,  18,  we  have  566.488 
siguare  inches,  the  convex  surface. 

2.  What  ia  the  surface  of  a  marble  column  20  ft.  high,  and 
24  inches  in  diameter  f  Am.  125.664  sq.  ft. 

8.  What  is  the  leogth  of  a  log  of  wood  18  inches  in  diame- 
ter, whose  convex  surface  is  41.124  square  feet  f 

Ans.  10  ft. 

i.  How  many  cubic  feet  of  water  will  a  cistern  hold  whose 
depth  is  l^ft.  and  diameter  5^ft.  ?  Ans,  178.1876. 

&.  A  cistern  is  to  be  dug  in  a  place  where  its  diametereoii 
only  be  6  ft.,  but  is  to  contain  420  cu.  ft.  of  water ;  whoi 
must  be  the  depth  ?  Ans.  14.85+ft. 

6.  What  will  it  cost  to  line  a  cylindrical  cistern  with  tin, 
at  30  cents  a  square  foot,  the  diameter  being  6  ft.  and  depUi 
SfLF  Ans.  $S9.54. 

WOOD   MEASURE. 
491.  The  Measure  of  Wood  is  the  cord,  which  is  di- 
vided into  cord  feet,  etc. 
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492.  A  Cord  of  wood  ie  a  pile  8  feet  loug,  4  feet  wide, 
snd  4  feet  bigb.     It  coDtaios  8  cord  feet,  or  128  cubic  feet 

493.  A  Cord  Foot 
ia  a  part  of  this  pile  1 
foot  loDg.  It  is  tbus 
1  foot  loDg,  4  feet  wide, 
aod  4  feet  bigb,  and 
coQtaiDS  16  cabic  feet. 

Rule.'—  To  find  the  number  of  cords  in  a  pile  of  voood, 
find  the  number  of  cubic  feet  and  reduce  to  cord  feet  and 
cords. 

SZAArlFLES  FOR   FSACTICS. 

1.  How  many  cords  in  a  pile  of  wood  32  ft  long,  8  ft 
bigb,  and  6  ft.  wide? 

SoLnTiON. — The  number  of  cubic  feet  equals  82x8x6,  which  equnls 
153t ;  dividing  by  16,  to  reduce  this  lo  cord  feel,  we  have  96  cord  leet  j 
dlviairig  b;  S  to  reduce  tliis  to  cordg,  we  have  12  cordg. 

2.  How  many  cords  of  wood  in  a  pile  28  ft.  long,  12  ft 
wide,  and  6  ft.  bigb  ?  Ans.  15  cd.  6  cd.  ft. 

S.  If  a  pile  of  wood  is  10  ft  bigb  and  6  ft.  wide,  how  loug 
must  it  be  to  contain  12  cords  ?  Ann.  25  ft.  7^  in. 

4.  A  man  bought  50  cords  of  wood,  Z\  ft.  long,  and  pro- 
poses to  put  it  in  a  pile  12  ft.  bigb  ;  bow  long  wilt  tbe  pile 
be  ?  Ans.  152jV  ft 

a.  How  much  will  a  pile  of  wood  weigh,  12  ft.  long,  4  ft. 
wide,  and  6  ft  bigb,  |  of  which  is  white  oak,  and  tbe  rest 
white  pine,  provided  a  cubic  foot  of  white  oak  weigbs  55  lb., 
and  of  wbite  pine  30  lb.  1  Ans.  1  tons  40  lb, 

BOARDS   AND   TIMBER. 

494.  Boards  and  Timber  are  usually  estimated  in  what 
are  called  board  feet,  instead  of  in  cubic  feet 

495.  A  Board  Foot  is  l  foot  long,  1  foot  wide,  and  1 
inch  thick.  A  cubic  foot,  therefore,  contains  12  board  feel. 
Hence,  board  feet  may  be  reduced  to  cubic  feel  by  dividing 
by  12 ;  and  cubic  feet  to  board  feet  by  multiplying  by  12. 

496.  A  Standard  Board,  in  commerce,  is  1  in.'cb.O\W<(.\ 
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miCkiy  perches  of  stone  have  I,  and  how  many  perches  of 
masonry  can  I  build  from  it  ?  Ans,  480  ;  540. 

5.  Mr.  Nelson  has  a  cellar  45  ft.  long,  27  ft.  wide,  and  8 
ft.  deep,  which  he  contracts  to  have  walled  at  a  cost  of  $3.87 i 
a  perch,  the  wall  to  be  2  fit.  thick,  and  one-half  to  be  allowed 
for  corners;  what  will  be  the  cost?  Ans.  $350.71. 

6.  Mr.  James,  having  contracted  to  build  a  house,  agrees 
to  pay  John  Newman  45)^  a  load  for  digging  the  cellar,  and 
Samuel  Forman  $3.65  a  perch  for  walling  it  with  rough  stone 
to  the  surface,  and  with  cut  stone  above  ground  at  25f  pf  r 
square  foot ;  the  cellar  to  be  54  ft.  9  in.  long,  35  ft.  wide  and 
bi  ft.  deep,  and  the  wall  1}  ft.  thick  and  3  ft  high  above 
ground ;  what  will  the  work  cost  ?  An»,  $565.07. 

BRICKWORK. 

500.  Brickwork  is  generally  estimated  by  the  thousand 
brieka,  but  sometimes  in  enbiefeet 

The  average  size  of  bricks  is  8  in.  X4x2,  but  Philadelphia  and 
Baltimore  bricks  are  8|  in.x4^x2|;  Maine  bricks,  7|  iii.x3|X 
2};  North  River  bricks,  8  in.xS^X^^;  and  Milwaukee  bricks; 
8|in.x4|X2|. 

To  build  one  square  foot  of  wall  1  brick,  or  4  inches,  tliick,  re-  ' 
quires  about  7  common  bricks  ;  2  bricks,  or  9  in.,  thick,  14  bricks; 
S  bricks,  or  13  in.,  thick,  21  bricks.     Hence  the  following  rule  : 

Bnle  I. —  To  find  the  number  of  common  bricks  req^iired  for 

a  vsall,  multiply  the  number  of  square  feet  in  the  wall  by  7 y  if 

the  wall  is  1  brick  thick ;  by  14,  if  2  bricks  thick;  by  21  if  3 

bricks  thick. 

To  find  the  number  of  any  kind  of  bricks  required  to  build  1  square 
foot  of  wall  1  brick  thick,  we  add  J  of  an  inch  to  the  length  and  thick- 
ness of  the  brick  for  mortar,  and  divide  144  bj  the  product  of  these 
two  sums.     Hence  the  rnle : 

Rule  II. — To  find  the  number  of  any  kind  of  bricks  re- 
quired for  a  wall,  multiply  the  number  of  bricks  in  a  square 
foot  of  wall,  1  brick  th'ck,  by  the  number  of  bricks  in  the  thick, 

ness,  and  this  product  by  the  number  of  square  feet  in  the  wall- 

Note. — An  old  rule  was — Deduct  ^j^of  (he  solid  contend  for  the  mortar 
and  divide  the  remainder  by  the  contents  of  one  brick.  We  may  also  j?nrf 
the  contents  of  a  brick  with  the  mortar  surrounding  it,  and  divide  a  cubic 
foot  by  this  quantity,  to  find  the  number  of  bricks  in  a  cubic  foot. 
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!•  How  many  bricks  will  be  required  to  build  a  house  in 

Baltimore  25  ft  front,  80  ft.  deep,  the  wall  being  34  ft.  high 

and  3  bricks  thick,  allowing  352  ft.  for  doors  and  windows? 

Solution.— Since   the  operation. 

house  is  in  Baltimore,  the    8^x21=22^^^  sq.  in.  surface  1  brick, 
outer  surface  of  a  brick,     144-^5^23^=6  j^j^,  No.  bricks  in  sq.  ft. 
after     adding     J     inch,     (254-80)  x2x  34=7140  sq.  ft. 
equals  8J  X  2|  or  22^  sq.    ^f  x  4  X  34=147  J  sq.  ft. 
in.;  dividing  144  by  22t!»5,    7140— (147 J-f-352)=6640|  sq.  ft. 
wehavee,**^,  thenumber    6640Sx6J^x 3=128572 ^V 
of  bricks  in  1  square  foot 

of  wall  1  brick  thick.  The  outer  surface  of  the  walls  equals 
(25+80) x2x 34=7140  sq.  ft.  As  we  are  estimating  for  material 
we  deduct  the  comers,  which,  reckoniug  a  wall  3  bricks  thick  as 
13  in.  thick,  equal  jf  x4x34=]47J  sq.ft.  Hence  the  wall  equals 
7140— (147J-h352)=6640S  sq.  ft.,  which,  multiplied  by  6/iV  and 
by  3,  the  number  of  bricks  in  the  thickness,  gives  128572iV  bricks. 

2.  How  many  Maine  bricks  will  build  a  house  24  ft.  front, 
63  fl.  long,  30  ft.  high,  and  3  bricks  thick,  having  3  doors 
each  7X3  ft,  and  21  windows  each  6X3  ft.?  Am.  98722—. 

3.  Mr.  Johnson  wishes  to  build  a  house  of  rough  stone 
faced  with  Philadelphia  brick,  the  brick  wall  being  80  ft. 
long,  28  ft.  wide  and  20  ft.  high,  and  1  brick  thick,  and  354 
ft.  being  allowed  for  openings ;  how  many  bricks  will  be  re- 
quired? *  Ans.  25418-h. 

4.  What  will  it  cost  to  build,  of  average  bricks,  a  house  50 
ft.  long,  22  ft.  wide,  and  23  ft.  high,  the  wall  being  13  in. 
thick,  there  being  two  doors,  each  7X3}  ft,  1  door  6X3}  ft., 
and  18  windows,  each  6X3  ft.,  the  brick  costing  $9  ^  M.  and 
laying  $2  50  f.  M.?  Ans.  $706.55. 

5*  What  will  be  the  cost  of  building  a  house  36  ft.  square, 
the  wall  being  24  ft.  high  and  3  bricks  thick,  of  Milwaukee 
bricks,  216  sq.  it.  being  allowed  for  doors,  and  the  brick  cost- 
ing $10.50  f»  M.  and  the  laying  $2.75  f»  M.?  Am.  $798.07. 

MEASURES   OF   CAPACITY. 

501.  Measures  of  Capacity  are   volumes   used  to 

determine  the  quantity  of  fluids  and  many  dry  substances. 

502.  The  Principal  Measures  of  capacity  are  the  gal- 
ion  for  liquid  substances,  and  Ibe  b^l%Kcl  lo^t  ^^^  ^xiNi'^Xa.xs.^s-?^ 
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CAPACITY  OF  CISTERNS,   ETC. 

503.  The  Capacity  of  Cisterns,  etc.,  is  usually  ex- 
pressed in  gallons  or  barrels. 

504.  The  Standard  Liquid  Gallon  of  the  United 
States  contains  231  cubic  inches,  and  is  equal  to  about 
8^  lb.  Avoirdupois  of  pure  water. 

505.  The  Barrel  of  31^  gallons  and  the  hogshead  of 
63  gallons,  are  used  in  measuring  the  capacity  of  cistern. % 
vats,  tanks,  etc.  When  used  as  the  names  of  vessels,  these 
terms  express  no  definite  quantity. 

The  Imperial  Gullon  of  Great  Britain  contains  277.274  cubic  mches, 
and  is  equal  to  about  1.2  U.  S.  gallons.  The  beer  gallon  contains  282 
cubic  inches,  but  is  now  seldom  used.  A  cubic  foot  of  pure  water 
ireighs  1000  oz.  Avoirdupois,  or  very  nearly  62]^  lb. 

Rule  I. —  To  find  the  capacity  of  a  cistern  or  vessel  in 
gallons,  divide  the  contents  in  cubic  inches  by  231. 

Rule  II. —  To  find  the  cubic  inches  in  a  given  number  of 
gallons^  multiply  the  given  number  of  gallons  by  231. 

EXAMPLES    FOK    PRACTICE. 

1.  How  many  gallons  of  water  are  contained  in  a  tank 
9  ft.  long,  6  ft.  wide,  and  4  ft.  deep  ? 

Solution.— The  contents  of  the  tank  equal  9x5x4,  which  are  180 
cubic  feet;  multiplying  by  1728  to  reduce  to  cubic  inches,  and  dividing 
by  231,  the  number  of  cubic  inclies  in  a  gallon,  we  have  1346ff  gal. 

2.  A  trough  8  ft.  long,  5  ft.  wide,  and  3  ft.  deep,  will  hold 
how  many  gallons  of  water  ?  Ans.  897^  gal. 

3.  A  vat  12  ft.  long,  8  ft.  wide,  and  6  ft.  deep,  will  contain 
how  many  gallons  of  beer  ?  Ans,  3529|f . 

4.  A  cistern  whose  length  was  I  Oft.  and  width  1  ft.,  coi- 
tained  50  hogsheads;  what  was  its  depth?        Ans,  G^^ft. 

5.  How  many  hogsheads  of  water  can  be  contained  in  a 
well  whose  diameter  within  the  curb  is  3  J  ft.,  and  depth 
15  ft.?  Ans,  17.136  hhd. 

6.  The  diameter  of  a  cylindrical  cistern  is  6  ft.,  and  it 
contains  40  barrels  of  water;  what  is  the  depth  of  the 
water?  ^ns.  5.957+ ft. 

7.  A  cistern  18  ft.  3  in.  long  and  1ft.  4  in.  wide  is  full  of 
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water ;  how  many  gallons  must  be  drawn  off  to  lower  the 
surface  1  foot?  Ans,  lOOlf  gal. 

8«  How  many  imperial  gallons  in  a  cistern  8  ft.  4  in.  long, 
3  ft.  3  in.  wide,  and  2  ft.  6  in.  deep?      Am.  421.965-fgal. 

9.  A  cistern  6  ft.  long,  3  ft.  4  in.  wide,  and  4  ft.  9  in.  deep, 
is  emptied  by  a  pipe  in  1  h.  45  min.;  how  many  gallons  are 
discharged  in  1  minute?  Ana.  6tii  gal. 

10.  If  40  gal.  3  qt.  of  water  flow  through  a  pipe  in  2i 
hours,  how  long  will  it  take  to  fill  a  cistern  6  ft.  long,  3.5  ft. 
wide,  and  8.661  ft.  deep  ?    Ans.  3  da.  11  h.  31  min.  29+sec. 

11.  What  will  be  the  expense  of  pumping  out  a  reservoir 
24  ft.  long,  18  ft.  wide,  and  8  ft.  deep,  at  10  centa  a  hogs- 
head, the  reservoir  being  half  full  ?  Am.  $20.52 — . 

12.  A  man  wishing  to  construct  a  tank  in  his  attic,  found 
that  it  would  not  be  safe  to  place  there  a  weight  of  more 
than  4500  lb.  of  water ;  what  length  can  he  make  the  tank 
with  a  width  of  4  ft,  and  a  depth  of  3  ft.?  .      ^n^.  6  ft. 

CAPACITY  OF  BINS,   ETC. 

506.  The  Capacity  of  Bins,  etc^  is  usually  expressed 
in  bushels. 

507.  The  Standard  Bushel  of  the  United  States  is  a 
cylindrical  measure  18^ in.  in  diameter  and  Sin.  deep,  con- 
taining 2150.42  cubic  inches. 

The  bushel  heaped  measure  is  the  standard  bushel  heaped  in  the  form 
of  a  cone  19 1  in.  in  diameter  and  at  least  6  in.  high^  and  containing 
2747.7167  cu.  in.,  while  the  even  measure  is  called  stricken  measure. 
Grains,  seeds,  and  small  firuit  are  sold  hj  stricken  measure;  but  potatoes, 
corn  in  the  ear,  coarse  vegetables,  large  fruits,  coal,  and  other  bulky 
articles  are  sold  by  heaped  measure.  In  practice  we  may  call  6  strtckeiK 
measures  equal  to  4  heaped  measures.  * 

drain  is  shipped  from  New  York  by  the  quarter  of  4801b.  (8  U.  S. 
bu.),  or  by  the  Ton  of  33*^  U.  S.  bushels.  The  Imperial  Bfishel  of  Oreai 
Britain  contains  2218.192  cu.  in.,  and  the  English  Quarter  contains  8 
Imperial  or  8J  U.  S.  bushels. 

Rule  I. —  To  find  the  capacity  of  a  bin  in  bushels,  divide 
the  contents  in  cubic  inches  by  2150.42. 

Rule  II. —  To  find  the  cubic  feet  in  a  given  number  of 
bushels,  multiply  the  number  of  bushels  by  2160.42,  and  divide 

byrris. 
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1.  How  many  bushels  of  grain  are  contained  in  a  bin  9  ft. 

long,  4  ft.  wide,  and  2  J  ft.  deep  ? 

Solution. — ^The  contents  equal  9x4x2},  or  90  cubic  feet, 
which  equals  155520  cubic  inches  ;  dividing  by  2150.42,  the  num. 
ber  of  cubic  inches  in  a  bushel,  we  have  72.32  bushels. 

2.  How  many  bushels  of  grain  are  contained  in  a  bin  10 
ft.  long,  5  ft.  wide,  and  3  ft.  deep  ?  Ana,  1 20.53 -f  bu. 

3.  What  must  be  the  width  of  a  bin  which  is  8  ft.  long  and 
3  feet  deep,  in  order  to  contain  96  bushels  ?    Ana,  4.97  it. 

4.  An  elevator  containing  5000  bushels  is  32  ft.  long  and 
16  it.  wide ;  what  is  its  depth  ?  Aiis,  12.15  ft. 

APPROXIMATE  MEASUREMENTS. 

While  the  previous  rule  gives  exact  results,  the  following 
approximate  values  are  often  used,  being  more  easily  reck- 
oned and  sufdciently  exact  in  most  cases. 

Since  2150.42  is  to  1728  as  5  to  4,  nearly,  a  bushel  is  nearly  equal 
to  1^  cu.  ft.  Therefore,  for  practical  purposes,  J  of  the  number 
of  cubic  feet  will  equal  the  number  of  busheUj  and  ^  of  the  number 
of  bushels  will  equal  the  number  of  cubic  feet. 

Coal. — Coal  is  bought  and  sold  in  large  quantities  by  the  ton, 
in  small  quantities  by  the  bushel^  28  heaped  bushels,  or  about 
43.5  cu.  ft.,  being  considered  equal  to  a  ton. 

Ordinary  anthracite  coal  measures  from  36  to  40  cu.  ft.  to  the  ton  ; 
bituminous  coaly  from  36  to  45  cu.  ft.  to  the  ton;  Lehigh  white-ash 
coal,  egg  size,  measures  about  84  J  cu.  ft.  to  the  ton  ;  Schuylkill 
white-ash,  35  cu.ft.,  and  pink,  gray,  or  red  ash,  36cu.  ft.,tothe  ton. 

Hay. — Hay,  when  loose  or  in  loads,  or  upon  a  scaffold,  meas- 
ures about  500  cu.  ft.  to  the  ton  ;  on  a  mow,  400  cu.  It. ;  and  m  a 
large  well-settled  stack,  10  cu.  yd. 

EZAMFL.BS  FOR  PRACTICE. 

1,  I  have  a  bin  4  J  ft.  long,  3  ft.  6  in.  wide,  and  2  ft.  deep ; 
how  many  bushels  of  pats  will  it  hold  ? 

Solution. — The  contents  equal  4Jx3Jx2=31J  cu.  ft.  Since 
oats  are  solrf  hy  stricken  measure,  the  number  of  bushels  will  be 
f  of31J,  or25i  bu. 

2,  A  bin  11  ft.  3  in.  long,  6  ft.  6  in.  wide,  and  4  ft.  9  in. 
deep,  was  filled  with  wheat ;  what  is  it  worth  at  $1,875  a 
cental,  reckoning  60  lb.  to  a  bushel?  Ans.  $312.61. 

3,  The  box  of  a  wagon  is  12  ft.  3  in.  long,  3  ft.  2  in.  wide, 
and  2  ft.  3  in.  deep ;  how  many  bushels  of  oats  and  how 
mauy  of  potatoes  will  it  hold  ?  An^.  ^Q.B^'ZS  \  55.86. 
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4.  A  bin  12  ft.  *l  in.  long,  6  ft.  3  in.  wide,  and  3  ft.  9  iu 
deep,  is  filled  with  wheat ;  how  many  barrels  of  flour  will  it 
make  if  one  bushel  of  wheat  makes  48  lb.  of  flour  ? 

Ans.  67.T8  bbl. 

5.  A  dealer  has  a  bin  of  coal  80  ft.  long,  10  ft.  wide,  and 
8  ft.  deep  ;  how  many  tons  of  Lehigh  white  ash  does  it  con- 
tain, and  how  many  of  Schuylkill  gray  ash  ? 

Ans.  185.6+;  1*1*1.11  +  . 

6.  A  shed  8  yd.  long,  6:^  yd.  wide,  and  1^  feet  high,  is  | 
full  of  Schuylkill  white  ash  coal ;  what  is  its  value,  at  $4.50 
a  ton  ?  Ans.  $289.29. 

7.  I  have  a  haymow  22  ft.  long,  17  ft.  6  in.  wide,  and  11 
ft.  8  in.  high;  what  is  its  value,  when  filled,  at  $11.50  a 
ton?  Jns.  $129.14. 

8.  Mr.  Barr  had  a  rectangular  stack  of  hay  9  ft.  long,  H 
ft.  wide,  and  6^  ft.  high,  which  he  sold  at  $18.25  a  ton  ;  what 
did  he  receive  for  his  hay?  Ans,  $21.53. 

9.  A  crib  filled  with  corn  in  the  ear  measures  on  the  in- 
side 17  ft.  2  in.  in  length  by  6  ft.  9  in.  in  width,  and  8  ft.  3 
in.  in  height ;  what  is  the  value  of  the  corn  when  shelled  at 
85/  a  bushel,  if  2  bushels  of  ears  make  1  bushel  of  shelled 
corn?  Ans.  $260.02. 

COMPARISON   OF   MEASURES   OF   CAPACITY. 

508.  The  Dry  Gallon,  or  half  peck,  contains  268.8  cubic 
inches  ;  hence  6  dry  gallons  equal  nearly  7  liquid  gallons. 

Note. — ^The  pupil  will  remember  that  the  liquid  gallon  contains  231  cu. 
hi.,  and  the  old  beer  gallon  282  cu.  in. 

KXAMFLES    FOR    FXeACTICS. 

1.  Reduce  4  gal.  3  qt.  wine  measure  to  the  old  beer  meas- 
ure. Ans.  3  gal.  3  qt.  1^  pt. 

2.  Reduce  57  gal.  3  qt.  dry  measure  to  wine  measure. 

Ans.  67  gal.  1|  pt. 

3.  Reduce  336  gal.  wine  measure  to  dry  measure. 

Ans,  288  gal.  3  qt. 

4.  Reduce  8  bu.  3  pk.  2  qt.  dry  measure  to  the  old  beet 
measure.  Au«.  ^^  \gel\.  \\"^^»* 


238  NORMAL    HIQHER    ARITUMETIC. 

5.  A  farmer  has  a  bin  which  contains  924  bu.  of  grain ; 
how  much  water  would  it  hold?  Ans,  8601.68  gal. 

6.  If  a  man  should  buy  28  qts.  of  milk  at  5  cts.  a  quart, 
beer  measure,  and  sell  it  at  6^  cts.  a  quart,  wine  measure, 
what  would  he  gain  ?  Ans.  82^^  cts. 

7.  If  a  milkman  bought  141  gal.  milk,  wine  measure,  at 
25  cents  a  gallon,  and  sold  it  at  8  cts.  a  quart,  beer  measure, 
what  did  he  gain?  Ans,  $1.71. 

8.  A  grocer  bought  33  bushels  of  berries,  at  $2.26  per 
bushel,  and  sold  them  by  mistake  by  wine  measure  at  8  cents 
a  quart ;  what  was  his  gain  or  loss  ?      Ans.  Gain,  $24.Q55.    ., 

MZSCEIiLAlTSOXTS   FHOBLBMS. 

!•  How  much  alloy  must  be  mixed  with  2  lb.  1  oz,  12 
pwt.  15  gr.  of  pure  gold,  that  the  mixture  may  be  18  carats 
fine  ?  Ans.  8  oz.  10  pwt  21  gr. 

2.  What  costs  the  excavation  for  a  cellar  6;^  ft.  deep  under 
the  main  building  of  a  dwelling-house  40  x  32  ft.,  and  an  ex- 
cavation for  the  walls  of  an  L  20  ft.  square,  IJ  ft.  wid,e  and 
2  ft.  deep,  at  50/  per  cu.  yd  ?  Ans^  $150181.     ; 

3.  James  Morton  &  Co.,  New  York,  bought  of  a  firm  in 
Chicago  15600  bu.  of  wheat  @  $1.25,  delivered  in  .New 
York,  and  shipped  the  same  to  Liverpool,  the  freight  being 
$1.3*7^  per  quarter,  where  they  sold  the  whole  cargo  at  60  s. 
per  English  quarter;  what  was  the  gross  gain  in  U.  S. 
money?  ^ns.  $5425.08.     - 

4.  Required  the  cost  of  the  cellar  and  brickwork  of  a 
dwelling-house  in  the  form  of  an  L,  the  main  building  being; 
40x30  ft.,  and  the  L  projecting  24  ft.,  and  being  14  ft.  wide, 
the  walls  of  the  main  building  being  24  ft.  high,  and  13  in. 
thick,  and  those  of  the  L  14  ft.  high  and  9  in.  thick;  chim-. 
neys  and  gables  being  reckoned  as  400  sq.  ft.,  13  in.  thick, 
and  equal  to  windows  and  doors;  the  estimate  being  as  fol- 
lows: 50/  per  cubic  yard  for  excavating  a  cellar  5  ft.  deep ; 
cellar  wall,  1 J  ft.  thick,  $2.25  a  perch,  for  lower  part  of  wall, 
5  ft.  high,  and  15/  per  sq.  ft.  for  cut  stone  2  ft.  high ;  brick 
$10  ^  M.,  and  laying  $2  ^  M.  Ans.  $1270.08. 
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SECTION    VIII. 
PERCENTAGE. 

SOO.  Percentage  is  the  process  of  computatiou  in  \vhieh 
the  basis  of  comparison  is  a  hundred. 

SIO*  The  Term  per  cent, — from  per,  by,  and  centum,  a 
hundred — means  by  or  on  the  hundred  ;  thus,  6  per  cent,  of 
any  quantity  means  6  of  every  hundred  of  the  quantity. 

511.  The  Symbol  of  Percentage  is  %.  The  per  cent, 
may  also  be  indicated  by  a  common  fraction  or  a  decimal ; 
thus,  6%=y^=.06. 

512*  The  Quantities  considered  in  percentage  are  the 
Base,  the  Rate,  the  Percentage,  and  the  Amount  or  Differ- 
ence. 

513.  The  Base  is  the  number  on  which  the  percentage  is 
computed. 

514.  The  Rate  is  the  number  of  hundredths  of  the  base 
which  are  to  be  taken. 

515.  The  Percentage  is  the  result  obtained  by  taking  n 
certain  per  cent,  of  the  base. 

516.  The  Amount  or  Difference  is  the  sum  or  differ- 
ence of  the  base  and  percentage.  They  may  both  be  em- 
braced under  the  general  term  Proceeds. 

Note. — In  computation  the  rate  is  usually  expressed  as  a  decimal.  Foi 
the  difference  between  Rale  and  rate  per  cent.,  see  Brooks's  Philosophy  o/ 
Arithmetic. 

EXPRESSION  OF  THE  RATE. 

!•  Express  5%  as  a  decimal  and  a  common  fraction. 

Solution. — Since  per  cent,  is  so  many  on  a  operation. 

hundred,  5%  of  a  quantity  is  .05  of  it ;  or,  as  a    ^%  =  .05=  t^ty  =  \ 
common  fraction,  yf  ^,  or  ^^  of  it.  ^ 

Express 


2,  6%.  Ans.  .06,  or  ^^V 
8.  8%.  Ans.  .08,  or  3^2^. 
4.  4%.     Ans.  .04,  or  -^.      \ 


6.  10%.      Ans.  10,  or  3^5. 

6.  12^%.     Ans.  .12^,  or  J. 

7.  16|fo.     Au%.  .\^\^^st  \ 
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8.  11^%.    -4ns.  .11^,  or|. 

9.  dll%.     Ans.  .37 J,  or  |. 

10.  8|%.     ^n«.  .OSf ,  or  ^^. 

11,  42^%.     ^ns..42f,orf 


12.  1%.  -4ns.  .006,  or 3ft, 

13.  .004-iV         Ans,  ^4%- 

14.  .028.  Ans,  2f  %. 
16.  .0025.  Ans.  \%. 


517.  Cases. — There  are  Three  Gases,  as  follows: 

1.  Given,  the  rate  and  the  base,  to  find  the  percentage  or 
the  proceeds. 

2.  Given,  the  rate  and  the  percentage  or  the  proceeds,  tu 
find  the  base. 

3.  Given,  the  base  and  the  percentage  or  the  proceeds,  tu 
nnd  the  rate. 

Notes. — 1.  Authors  usually  present  the  subject  in  five  or  six  cases,  but 
!t  is  thought  that  the  method  here  adopted  is  to  be  preferred,  on  account 
of  its  logical  accuracy  and  practical  convenience. 

2.  A  percentage  deducted  from  the  price  of  goods  is  called  a  Discount. 
Sueeettive  discounts^  called  Trade  DUeounts,  are  often  taken  off,  as  **  10  and 
5%  off/'  meaning  10%  off  and  5%  off  of  the  remainder. 

CASE  I. 

518*  Given f  the  hcLse  and  the  rate,  to  find  tlie  per^ 
centage  or  the  proceeds, 

1 .  What  is  25  %  of  $480  ?  operation. 

Solution. — Since  25%  of  a  number  equals  .25  of  480 

the  number,  25  %  of  $480  equals  .25  times  $480,  which,  .25 

by  multiplying,  we  find  to  be  $120.  $120.00 

2.  What  is  the  amount  of  $480  increased  by  25%  of  itself  ? 

OPERATION. 

Solution. — A  number  increased  by  25%,  or  .25  $480 

♦imes  itself,  equals  1.25  \imes  itself;  1.25  times  $480  1.25 

pquals  $600.  $600.00 

Rule  I. — Multiply  the  base  by  the  rate,  to  find  the  per- 
ventage. 

Rule  II. — Multiply  the  base  by  1  plv^  the  rate,  to  find  the 
'amount;  or  by  1  minus  the  rate^  to  find  the  difference. 

Notes. — 1.  The  method  of  solving  by  reducing  the  rate  to  a  common 
fraction  is  simpler  when  the  rate  gives  a  small  common  fraction. 

2.  The  amoitnt  equals  the  base  joiiwj  the  percentage ;  the  difference  e^BXn 
the  base  minvs  the  percentage. 

What  is 
«•  8%  of  $500?      Ans,  $40.      6.  |%of  $75?        Jn«.  $.65f. 
i.  2b fo  of  $960?  An8.t2iO.      6.  33^%  of  54?         Ans.  18. 
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7.  l^J%of$900?  .4w8.  $112.50. 

8.  35%  of  $248?  Alls,  $86.80. 

9.  66|%  of  5961b.?  Ans.  SSTJlb. 

10.  f%  of  627  yd.?  Ans,  5.016  yd. 

11.  42f%  of  343  acres?  Ans,  14T  A. 

12.  45^^%  of  $165?  Ans.  $T5. 

13.  I  sold  a  lot  of  envelopes  marked  $7.20  ^M.,  at  10  and 
10%  off;  what  did  I  receive  ?  Ans,  $5.83. 

14.  William  bought  a  lot  of  base-balls  at  $12  a  dozen  and 
!^old  them  for  20  and  5%  on  ;  what  did  he  receive? 

Ans.  $15.12. 
16.  What  is  the  difference  between  20%  off  and  10  and 
10%  oflf;  between  15%  on  and  10  and  5%  on? 

Ans,  1%;  ^%. 

16.  A  clerk's  salary  is  $2500 a  year;  if  he  pays  15%  for 
board,  8%  for  clothing,  5%  for  books,  and  12%  for  inciden- 
tals, how  much  will  he  save  in  a  year  ?  Ans.  $1500. 

17.  A  bought  a  house  for  $2500,  and  paid  62^%  of  the 
price  in  cash,  and  gave  a  mortgage  for  the  remainder ;  what 
was  the  amount  of  the  mortgage  ?  Ans,  $937.50. 

18.  A  man  contracted  a  debt  of  $570  ;  he  paid  33J^%  of  it 
the  first  quarter,  25%  of  the  remainder  the  second  quarter, 
and  16f  %  of  what  was  still  due  the  third  quarter ;  how  much 
remained  unpaid  ?  Ans,  $237.50. 

19.  Mr.  Martin  deposited  $1250  in  bank ;  he  drew  out 
15%  of  it  the  first  month,  20%  of  the  remainder  the  next 
month,  and  having  realized  18|%  on  what  he  had  drawn,  de- 
posited it ;  what  was  his  bank  deposit  then  ?      Ans.  $925. 

20.  If  48%  of  whisky  is  alcohol,  how  much  alcohol  does  a 
man  swallow  in  35  years  who  drinks  half  a  gill  of  whisky  6 
times  a  day  ?  Ans.  574.875  gal. 

21.  A  mechanic  contracts  to  supply  dressed  stone  for  a 

church  for  $87,560,  if  the  rough  stone  cost  him  18  cents  a 

cubic  foot;  but  if  he  can  get  it  for  16  cents  a  cubic  foot,  he 

will  deduct 5%  from  his  bill;  required  the  number  of  cubic 

feet,  and  the  charge  for  dressing  the  stone. 

Ans.  218900  cubic  feet;  charge  22ceiit'&^x  ^xi^.^ 
10 
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CASE   II. 

S19»  Given,  the  rate  and  the  percentage  or  tht 
p-roceeds,  to  find  the  base, 

1.  75  is  5%  of  what  number  ? 

Solution. — If  75  is  5%   of  some    number,  operation. 

then  .05  times  some  nunwer  equals  75;  if  .05        75 -!-.05  ^  1500 
times  some  number  equals  75,  the  number  equals 
75^.05,  which  is  1500. 

2.  What  number,  increased  by  25%  of  itself,  equals  450. 
or  diminished  by  25%  of  itself,  equals  270  ? 

Solution. — A  number,  increased  by   25  %  operation. 

or  .25  of  itself,  equals  1.25  times  the  number  ;         ^q  _j_  ^  25  =  360 
and  if  some  number  multiplied  by  1.25  equals 

450,  the  number  equals  450-T-1.25,  or  360.  A  number  diminished  by 
25^  of  itself,  equals  .75  times  the  number;  and  if  some  number  multi- 
plied by  .75  equals  270,  the  number  equals  270-^.75,  or  360. 

Rule  I Divide  the  percentage  by  the  rate^  to  find  the 

base. 

Rule  II. — Divide  the  amount  by  1  plus  the  rate^  or  the 
difference  by  1  minus  the  rate,  to  find  the  base. 

3.  96  is  56J%  of  what  number?  Ans.  170|. 

4.  101  is  68f  %  of  what  number  ?  Ans.  146|f 
6.  375|  is  81  J%  of  what  number  ?  Ans.  462^. 

6.  784  is  83^%  of  what  number  ?  Ans.  940.8. 

7.  Bought  2  doz.  cast  steel  riveting  hammers  @  $32.06:^^ 
at  25  and  5%  off ;  what  was  the  marked  price  ?  Ans.  $45. 

8.  Sold  200  carriage  bolts  @  $2.91  ^  C.  for  10  and  5%  on  ; 
what  was  the  cost  ?  Ans.  %2.52. 

9.  The  fraction  ^^  is  5%  more  or  4%  less  than  what  frac- 
tions ?  Ans.  ^,  or  ^. 

10.  I  draw  45%  of  my  bank  deposit  to  pay  a  note  of 
$5670 ;  what  did  I  have  at  first  ?  Ans.  $12600. 

11.  A  man  collecting  $75  of  the  money  due  him,  increase? 
his  funds  16f %;  how  much  had  he  at  first?       Ans.  $450. 

12.  In  99f  gal.  of  alcohol  the  water  is  8^%  of  the  spirits ; 
how  many  gallons  are  there  of  each  ?  Ans.  92;  7|. 

13.  A  farmer's  crop  of  oats  this  year  is  74^%  greater  than 
his  crop  of  last  year  ;  what  was  last  year's  crop  if  in  the  two 
years  he  raised  725  bushels  ?  Ans.  349ff  bushels. 
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14.  A  lady's  cloak  cost  $40;  the  making  cost  33^%  Ichs 
than  the  cloth,  and  the  trimmings  25%  more  than  the  cloth; 
what  did  each  cost  ? 

Ans.  Cloth,  $l3f ;  making,  $9|;  trimmings,  $1T|. 

15.  A  and  B  together  have  1320  acres  of  land,  31^%  of 
A's  equaling  3^%  of  B's,  and  56^%  of  B's  equaling  66|% 
of  C's;  how  much  land  has  C?  Ajis,  506 J  acres. 

16.  Mr.  Howard  drew  T5%  of  his  money  from  bank,  and 
paid  87^%  of  it  for  a  house  worth  $5600 ;  how  much  money 
had  he  remaining  in  bank?  Ans.  $2133.33^. 

17.  In  an  engagement  5%  of  an  army  were  killed,  12^% 
of  the  remainder  were  wounded,  and  16|%  of  the  wounded 
died ;  there  were  290  more  killed  than  mortally  wounded ; 
how  many  men  were  in  the  army  ?  Ans.  9600. 

18.  A,  wishing  to  sell  a  cow  and  horse  to  B,  asked  150% 
more  for  the  horse  than  the  cow ;  he  then  reduced  the  price 
of  the  cow  25%,  and  the  horse  33^%,  at  which  price  B 
took  them,  paying  $290 ;  what  was  the  price  of  each  ? 

Ans.  Cow,  $90 ;  horse,  $200. 

19.  In  building  a  church,  the  trustees  paid  three  times  as 
much  for  material  as  for  labor;  had  they  paid  4J%  more  for 
material  and  7%  more  for  labor,  the  church  would  have 
cost  $14700  ;  what  was  its  cost?  Ans  $14,000. 

CASE  in. 

5!30«  Given,  tlie  base  and  tJie  percentage  or  tlie 
proceeds,  to  find  the  rate. 

1.  24  is  what  per  cent,  of  96? 

Solution.— If  24  is  some  per  cent,  of  96,  then  96        operation. 

multiplied  by  some  rale  per  cent,  equals  24;  if  96        21  *  96 .25 

multiplied  by  «wie  rale  equals  24,  the  rale  equals  24 
divided  by  96,  which  is  .25  or  25%. 

Rule  I. — Divide  the  percentage  by  the  base,  to  find  the 
rate. 

Rule  II. — Divide  the  difference  between  the  proceeds  and 

base  by  the  base,  to  find  the  rate. 

Note. — The  rate  may  also  be  found  by  dividing  the  proceeds  by  the 
base  and  taking  the  difference  between  1  and  the  quotient. 
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2.  What  %  of  280  is  112?  Ans.  40% 

8,  What  %  of  960  is  160?  Ans.  16|% 

4.  What  %  of  1470yd.  is  980 yd.?  Ans,  66f%. 

6.  What  %  of  $3606  is  $450|?  Ans.  12^%. 
€•  25%  of  f  of  an  arlicle  is  how  many  %  of  f  of  it? 

Ans.  13^% 

7.  The  base  is  28  35  gal.,  the  percentage  5.3156:^  gal. ; 
what  is  the  rate  ?  Ans,  18^%. 

8.  A  cask  containing  25  gal.  2  qt.  leaked  so  that  there 
tjseaped  9 gal.  2:|^qt. ;  what  %  leaked  out?        Ans.  37^%. 

9.  Standard  gold  or  silver  of  the  United  States  is  9  parts 
pure  and  1  part  alloy;  what  %  is  pure?  Ans.  90%. 

10.  A  pound  of  English  standard  silver  contains  18pwt. 
of  alloy;  what  %  is  pare?  Ans.  92^%. 

11.  English  standard  gold  is  22  carats  fine;  what  %  of 
alloy  is  there  in  a  sovereign  ?  Ans,  8J%. 

12.  The  dry  gallon  contains  268.8  cubic  inches;  how 
many  %  larger  is  it  than  the  wine  gallon,  or  smaller  than 
ihe  old  beer  gallon?     Ans.  16^y%  larger;  4|^%  smaller. 

13.  I  bought  a  quantity  of  valentines,  wholesale,  at  a  dis- 
count of  50,  50,  and  25%  ;   what  is  the  rate  of  discount? 

Ans.  81^%. 

14.  A  manufacturer  sold  a  quantity  of  slates  at  60,  10,  10, 
10,  10,  and  5%  discount;  what  was  the  rate  of  discount? 

Ans.  75.0682%. 

15.  What  is  the  difference  between  a  discount  of  40% 
and  10%  taken  4  times?  between  40%  and  20%  taken 
twice?  Ans.  5.61%  ;  4%. 

16.  A  person  deposited  $6000  in  bank,  checked  out  33^% 
of  it,  deposited  $6000  more  and  checked  out  15%  of  what 
was  then  in ;  what  per  cent,  of  his  deposit  remains  in  bank  ? 

Ans.  70f%. 

17.  Mr.  Johnson  drew  33^%  of  his  money  from  the  bank, 
and  paid  62^%  of  it  for  a  horse  worth  $125,  and  then  depos- 
ited the  remainder;  what  per  cent,  of  his  entire  deposit  was 
tne  sum  then  remaining  in  bank?  Ans.  79^%. 
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GENERAL  FORMULAS. 

S21«  Formulas. — These  methods  and  rules  maj  all  be 
presented  in  general  formulas.  Let  h  represent  the  6a86, 
r  the  rate,  p  the  percentage^  A.  the  amount^  2>  the  differ- 
encef  and  we  have  the  following: 

CASE   I.  CASE  II.  CASE  IH. 

1.  bxr=2^»  L  jp-5-r=6.  I,  p-7-b=r. 

2.  bx(l+r)=A.     2.  AM^+r)=b.     2.  A-i-b^l+r. 

3.  bx(l-r)=^I}.    3.  l>-T-(l-r)=6.     3.  2>^6=^1— r, 

^!S!3«  The  second  and  third  formulas  of  each  case  may  be 
united  in  one  ;  thus,  using  P  for  proceeds ,  P=bx  (l^v)  ; 
b=P^{ldbr) ;  r=  P^b—l,  or  r=l—P^b. 

Note. — These  formulas  apply  to  all  the  cases  in  practical  applications, 
and  may  be  used  instead  of  the  rules,  or  with  them,  as  the  teacher  prefers. 

APPLICATIONS   OF   PERCENTAGE. 

523.  The  Applications  of  Percentage  are  extensive, 

owing  to  the  great  convenience  of  reckoning  by  the  hundred 
in  business  transactions. 

524.  The  Method  of  Treating  the  cases  of  the  Appli- 
cations of  Percentage  is  the  same  as  in  Percentage  itself. 

^25*  These  Applications  of  Percentage  are  of  two 
classes;  those  not  involving  time  and  those  involving  time. 
The  following  are  the  most  important  of  these  applications: 


1st  class. 

1.  Profit  and  Loss. 

2.  Commission. 

3.  Stocks,  Dividends,  etc. 

4.  Premium  and  Discount. 

5.  Brokerage. 

6.  Stock  Investments. 

7.  Taxes. 

8.  Duties  or  Customs. 


2d  class. 

1.  Simple  Interest. 

2.  Partial  Payments. 

3.  True  Discount. 

4.  Discounting  and  Banking. 
5»  Exchange. 

6.  Compound  Interest. 

7.  Annuities. 

8.  Insurance. 


Notes. — 1.  In  the  different  cases  of  the  application  of  percentage,  uu\ 
should  be  taken  to  see  clearly  the  ha»e  upon  which  the  percentage  ii 
reckoned. 

2.  The  subject  of  percentage  has  been  greatly  extended  by  the  fact  of 
our  money  system  reckoning  a  hundred  cents  to  a  dollar.  Puylla  e.h.<\vd<l 
remember,  however,  that  j9«r  cent,  and  cent*  a.Tfe\wo  viV&\\\v^iX.  \X\\\v«jfc. 


246  NORMAL     HIQHER     ARITHMETIC. 

PROFIT  AND   LOSS. 

530«  Profit  and  Loss  are  terms  which  denote  the  gain 
or  loss  in  business  transactions. 

527.  The  Quantities  considered  are:  1.  The  Cost : 
2.  The  Bate  of  Profit  or  Loss;  3.  The  Profit  or  Loss: 
i.  The  Proceeds  or  Selling  Price. 

Notes. — 1.  Profit  and  Lobs  are  not  always  estimated  upon  thiugi 
bought  and  sold. 

2.  In  marking  goods  it  is  customary  to  take  one  or  more  words  or  a 
phrase  or  sentence,  consisting  of  ten  different  letters,  and  let  each  letter  in 
succession  represent  one  of  the  Arabic  figures.  The  prices  marked  thus 
can  only  be  read  by  those  who  have  the  key. 

CASE   I. 

5!S8.  Given  f  the  cost  and  the  rate  of  pro  fit  or  loss, 
to  find  tlie  profit  or  loss,  or  the  selling  price, 

!•  A  house  was  bought  for  $5780,  and  sold  at  a  gain  of 
12%  ;  what  was  the  gain? 

OPEBATION. 

Solution. — ^If  a  house  was  bought  for  $6780  and  $5780 

sold  at  a  gain  of  12%,  the  gain  was  .12  times  $5780,  lo 

which  is  $693.60.  ^'tl 

$693.60 

Rule  I. — Multiply  the  cost  by  the  rate^  to  find  the  profit 
or  loss. 

Rule  II. — Multiply  the  cost  by  1  plus  the  rate  of  profit, 
or  by  1  minu^  the  rate  of  loss,  to  find  the  selling  price. 

2*  I  bought  fish  at  $4.50  a  quintal,  and  sold  the  same  at 
a  gain  of  S%  ;  what  was  my  gain?  Arts.  $0.36. 

3.  A  furrier  sold  a  set  of  furs  which  cost  $8t.50,  at  a  gain 
of  12^%  ;  what  did  he  receive  for  them  ?       Ans.  $98.43f. 

4,  A  train  of  cars  was  running  24  miles  an  hour,  when 
the  conductor,  to  make  up  lost  time,  increased  the  speed 
25%  ;  how  fast  did  he  then  run?  Ans,  30  miles. 

5«  The  price  of  a  certain  lot  of  drugs  is  $96 ;  if  I  buy  at 
10%  off  and  sell  at  25%  on,  what  do  I  gain?  Ans.  $33.60. 

6,  My  key  for  marking  my  goods  is  "Charleston;"   if  I 

buy  cassimere  @  $3.T5,  what  will  be  the  mark  for  the  selling 

price  if  I  intend  to  gain  15%  ?  ^  c 

Ans,  r,ac^. 
r 

7.  Bought  50  yards  of  paper  muslin  @  8/  and  marked  it 
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at  a  profit  of  25%  ;  what  will  be  my  profit  if  I  sell  at  12^% 
less  thaD  the  selling  mark?  Ans,  37^/. 

8.  A  gentleman  bought  a  yacht  for  $3500,  sold  it  at  a 
loss  of  20%,  and  the  buyer  sold  it  at  a  gain  of  25%;  what 
did  the  latter  receive  for  it  ?  ^718.-13500. 

9.  A  drover  bought  75  cows  at  $24^  a  head ;  if  9  of  them 
were  killed  by  an  accident,  how  must  he  sell  the  remainder 
to  gain  20%,  the  expenses  being  $75  ?         Ans.  $34.43^^. 

10.  A  cistern  containing  230  barrels  of  water,  receives  by 
one  pipe  7f  %  of  its  contents  in  an  hour,  and  loses  by  an- 
other 16f  %  ;  how  much  water  is  in  the  cistern  at  the  end 
of  an  hour  ?  Ans,  209.49^  bar. 

11.  A  merchant  marks  down  some  old-fashioned  goods 
12^%  ]  how  should  he  mark  to  the  nearest  half-cent  those 
selling  @  12^/,  18|/,  62^/,  75/,  $1.62^-,  $1.87^,  2.37^? 

Ans,  11/,  16^/,  54^/,  65^/,  $1.42,  $1.64,  $2.08. 

12.  I  buy  7  lots  of  English  prints  averaging  75yxl.  in  a 
lot,  marked  10/,  at  a  discount  of  10,  12^,  15,  10  and  5,  20, 
25,  and  20  and  20%,  and  sell  them  all  at  7%  below  marked 
price  ;  what  is  my  clear  profit  ?  Ans.  $6.30. 

13.  A  began  business  with  $25,000;  he  cleared  25%  the 
first  year,  and  added  it  to  his  capital ;  the  2d  year  he  cleared 
25  %  and  added  it  to  his  capital ;  the  3d  year  he  did  the 
same  ;  what  was  his  entire  gain?  Ans.  $23,828.12^. 

CASE   U. 

329m  Given,  the  rate  and  the  profit  or  loss,  or  the 
selling  price,  to  find  the  cosU 

1.  A  man  sold  a  house  for  $870  above  cost,  and  gained 
25%  ;  required  the  cost. 

Solution. — ^At  a  gain  of  25  9^,  .25  times  the  operation. 

cost  equals  the  gain,  which  is  ^70;  if  the  cost        $870-f-.25  =  $3480 
multiplied  by  .25  equals  $870,  the  cost  equals 
$870  divided  by  .25,  or  $3480. 

Rule  I. — Divide  the  profit  or  loss  by  the  rate^  to  find  the 
cost.   ' 

Rule  II. — Divide  the  selling  price  by  1  plus  the  rate  of 
profit f  or  by  1  minus  the  rate  of  loss,  to  find  the  coat. 
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2.  I  sell  chintzes  @25/  and  gain  25%,  aud  also  @  20/ 
and  lose  20%;  what  was  their  cost  ?  Ana,  ^0/;  25/. 

3.  A  drover  lost  2^%  of  his  cattle  by  disease,  and  3\%  by 
accident,  losing  altogether  46  j'how  many  were  in  the  drove 
at  first  ?  Ans.  800. 

4.  I  sold  my  horse  at  a  gain  of  16|%,  and  with  the  pro- 
ceeds bought  another  which  I  sold  for  $180.32,  at  a  loss  of 
8%;  what  did  each  horse  cost?  Ans,  1st,  $168  ;  2d,  $196. 

5.  Two  newsboys  invested,  during  the  year,  equal  sums 
of  money  in  papers ;  the  one  gained  6|%  and  the  other  S\%] 
what  amount  did  each  invest,  if  the  gain  of  the  second  was 
$14.50  more  than  that  of  the  first  ?  Ans,  $750. 

6.  A  merchant  bought  some  water-proof  cloth  @  $1,  and 
marked  it  so  that  he  could  fall  5%  on  his  asking  price,  and 
gain  25%  on  cost;  how  did  he  mark  it?  Ans,  $1.32. 

?•  A  merchant  bought  a  lot  of  alpaca  @  30/;  what  must 
the  goods  be  marked  that  he  may  throw  off  25%  from  the 
marking  price,  and  still  make  25%  profit  ?  Ans,  50/. 

8.  Brown  sold  Jones  some  goods  for  $585  and  lost  2|^%, 
and  Jones  sold  them  to  Robinson  and  made  2^%;  did  Rob- 
inson pay  more  or  less  than  Brown  ?        Ans.  80.37^  less. 

9.  I  purchased  a  lot  of  ingrain  carpets  from  the  manufac- 
turer, and  marked  them  $1.25  retail,  which  is  11^%  above 
the  rate  at  which  I  actually  sold  them;  if  I  gained  28|%, 
what  was  the  cost  ?  Ans,  87^/. 

10.  My  gain  this  year  was  $1413,  which  was  78^%  of  my 
gain  last  year,  and  that  was  112^%  of  my  gain  the  year 
before ;  required  my  gain  last  year  and  the  year  before. 

Ans.  $1800 last;  $1600  before. 

1 1.  Mr.  Brenner  offered  his  house  for  sale  at  an  advance 
of  20%,  but  afterwards  sold  it  for  $5250,  which  was  12^% 
less  than  his  original  offer ;  what  was  the  first  cost  of  the 
house  ?  A71S.  $5000. 

12.  A  man's  capital  increased  25%  for  each  of  4  years, 
on  what  he  had  at  the  beginning  of  each  year,  and  at  the 
end  of  the  time  he  was  worth  $12207.03;  what  was  his 
capital  ?  Ans.  $5000. 
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18.  A  sold  two  city  lots,  which  cost  the  same  price,  to  J^, 
at  a  loss  of  15%;  B  sold  them  to  C,  gaining  20%  on  one, 
and  losing  25%  on  the  other ;  what  did  each  cost  A,  if  H 
received  $765  more  for  one  than  the  other  ?      Ans,  $2000. 

14.  Mr.  Brown  bought  ahorse  and  carriage,  the  horse  cost- 
ing twice  as  much  as  the  carriage,  but  afterwards  sold  thp 
carriage  for  33J%  more,  and  the  horse  for  10%  less  than  be 
gave,  and  received  for  both  $705  ;  what  was  the  cost  of  each? 

^M«.  Carriage,  $225;  horse,  $450. 

15.  Mr.  Oakley,  when  stocking  his  farm,  spent  equal  sums 
in  cows,  sheep,  and  hogs;  on  the  sale  of  which  he  made  2% 
on  the  cows,  lost  9%  ou  the  sheep,  and  gained  12J^%  on  the 
hogs;  if  he  received  for  all  $1833,  and  bought  120  sheep,  15 
cows,  and  150  hogs,  what  did  he  pay  per  head  ? 

Ans,  Sheep,  $5  ;  cows,  $40 ;  hogs,  $4. 

16.  A  man  invested  a  certain  sum  iu  several  different 
stocks;  on  |  of  his  investment  be  gained  25%,  and  on  the 
remainder  lost  15%;  his  whole  profit  was  $260;  had  he 
gained  15%  ou  ^  and  lost  25%  on  the  remainder,  would  he 
have  gained  or  lost,  and  how  much  ?  Ans.  Lost  $100. 

CASK  III. 

330«  Given,  the  cost  and  the  profit  or  loss,  or  the 
selling  price,  to  find  the  rate* 

1.  A  man  bought  a  boat  for  $560,  and  sold  it  at  a  gain  of 
$140;  what  was  the  gain  per  cent.? 

Solution. — Since  $560,  the  base,  multiplied  by  operation. 

the  rate,  equals  $140,  the  rate  must  equal  $140      $140-i-$560  =  .26 
divided  by  $560,  which  we  find  to  be  .25,  or  25%. 

Rule  I. — Divide  the  profit  or  loss  by  the  cost,  to  find  the 
rate. 

Rule  II. — Divide  the  difference  between  the  cost  and  the 
selling  price  by  the  cost,  to  find  the  rate, 

2.  Calico  was  bought  at  18|cents  a  yard,  and  sold  for  25 
cents  a  yard  ;  what  was  the  gain  per  cent.?      Ans,  33|^%. 

3.  If  I  buy  at  10%  off  aud  sell  at  15%  on,  what  %  profii 
do  I  make?  what  if  I  buy  at  20%  off  and  sell  at  20%  on  ? 
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4.  I  marked  calicoes  15/  and  sold  them  at  12^/;  what 
do  I  lose  per  cent,  if  I  marked  them  20%  above  cost  ? 

5.  A  street  car  fare  in  Philadelphia  was  7  cents,  but  4  tick- 
ets were  sold  for  a  **  quarter ;"  what  per  cent,  did  I  save  by 
buying  a  package  ?  Arts,  10^%. 

6*  If  ^  of  the  cost  equals  the  selling  price,  what  is  the  loss 
per  cent;  and  if  f  of  the  selling  price  equals  the  cost,  what 
is  the  gain  per  cent?  Ans,  Loss,  16|%;  gain,  20%. 

7.  A  grocer  bought  melons  for  25%  more  than  12  cents 
each,  and  sold  them  for  25%  less  than  12  cents  each ;  what 
was  the  loss  per  cent?  Ann,  40%. 

8.  A  farm  was  offered  for  sale  at  25%  advance  on  its  cost, 
but  finding  no  purchasers  at  that  price,  it  was  finally  sold  at 
25%  less  than  was  first  asked  ;  what  was  the  gain  or  loss 
per  cent?  Ans.  Loss,  6^%. 

9.  I  marked  plaid  Nainsooks  62^/,  and  gained  at  that  rate 
25%;  if  I  sell  them  for  6  cents  more  than  the  marked  price, 
what  is  my  gain  per  cent  ?  Ans.  37%. 

10.  Mr.  Walker  was  offered  $3500  for  his  house,  but  de- 
clined to  sell,  as  he  would  thereby  lose  12^%;  a  few  months 
later  he  sold  for  $4800 ;  did  he  gain  or  lose,  and  what  per 
cent?  Ans.  Gained  20%. 

11.  Mr.  Favvcett  bought  a  quantity  of  broadcloth  @  $5.25, 
and  marked  it  r,hw,  his  key  being  "be  smart  now;"  what 
was  the  gain  per  cent  at  the  marked  price?  Ans.  \^^j%. 

12.  Mr.  Howard  bought  25  building  lots  for  $11250  and 
sold  20  of  them  for  what  he  paid  for  all  of  them  ;  what  was 
his  gain  percent  on  the  investment?  Ans.  25%. 

13.  Miss  Martin  sold  her  diamond  breastpin  for  $560,  and 
thereby  cleared  12  J  %  of  this  money;  what  would  she  have 
gained  per  cent,  by  selling  it  for  $600  ?  Ans.  22||^%. 

14.  Mr.  Bechtel  sacrificed  37|%  on  his  library  by  selling 
It  for  $1500  ;  if  he  had  sold  it  for  20%  more  than  he  did,  what 
would  he  have  lost  per  cent?  Ans.  25%. 

15.  If  a  druggist  gives  me  a  lb.  Troy  of  washing  soda  in- 
stead of  a  lb.  Avoirdupois,  what  is  my  loss  and  his  gain  per 
cent?  /Iaj.s".  Loss,  17^%;  gain,  21|g%. 
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16.  I  ride  on  two  street  railway  lines,  making  exchanges, 
and  get  an  exchange  ticket  for  9  cents ;  what  %  more  would 
it  cost  to  use  a  ticket  on  each  car  at  4  for  25  cts.,  and  what  fr 
more  to  pay  single  fares  at  7  cts.?  Ana.  3d{%;  55}%. 

17.  A  news  agent  bought  50  copies  N.  Y,  Tribune,  and  60 
copies  N.  Y.  Herald  @  S-J^/,  sold  @  4/;  50  Harpers^  Weekly 
at  7^/,  sold  @  10/,  12  Independent  @  6^/,  sold  @  10/ ;  12 
LippincoWs  Magazine  @  27/,  sold  @  35/  ;  8  Harpers,^  Mag- 
azine @  28/,  sold  @  35/ ;  what  was  the  average  per  cent, 
of  profit?  Ans,2^^%. 

COMMISSION. 

531.  Commission  is  a  perceatage  paid  to  an  agent  for 
the  transaction  of  business. 

539.  An  Agent  is  a  person  who  transacts  business  for 
another,  and  is  often  called  a  Commission  Merchant ;  a 
Factor,  etc. 

533*  The  Base  in  commission  is  the  actual  amount  of  the 
sale,  purchase,  collection,  or  exchange, 

534.  The  Net  Proceeds  is  the  sum  left  after  the  com- 
mission and  charges  have  been  deducted  from  the  amount 
of  a  sale  or  collection. 

535«  The  Entire  Cost  is  the  sum  obtained  by  adding  the 
commission  and  charges  to  the  amount  of  a  purchase. 

536.  The  Quantities  considered  are:  1.  The  Amount 
sold,  bought,  etc,]  2.  The  Bate  of  Commission  ;  3.  The  Com- 
mission ;  4.  The  Entire  Cost  or  Net  Proceeds. 

The  goods  forwarded  to  be  sold  on  commission  are  called  a  eoTisign- 
merit;  the  person  sending  them  is  called  the  consignor;  and  the  person 
to  whom  they  are  sent,  the  consignee,  or  factor.  An  agent  residing  at  a 
great  distance  from  his  employer,  is  often  called  a  correspondent;  the  per 
son  for  whom  an  agent  does  business  is  called  the  principal, 

CASE   1. 
937*  Given f  the  hose  and  the  rate,  to  find  the  coni' 
tnission,  or  the  net  proceeds,  or  the  entire  cost. 

1.  An  agent  sold  goods  to  the  amount  of  $2560 ;  required 
his  commission  at  2\%, 

Solution. — ^The  commission  is  ,02\  timea  Q«^EB.ii!i.vs>s.. 

$2r}d0,  which  equals  $o7. 60.  Vi^^'^>^*^'^'=-^^^^^ 
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Rule  I. — Multiply  the  base  by  the  rate,  to  find  the  commis 
sion. 

Rule  II. — Multiply  the  base  by  1  minus  the  rate^  to  find 
the  net  proceeds;  or  by  1  plus  the  rate,  to  find  the  entire  cost. 

2.  I  sold  on  commission  540  barrels  of  floor,  @  $8.25,  and 
75  barrels  of  cider,  35  gallons  each,  @  37J  cents;  what  is 
my  commission  at  2^%  ?  Ans,  $135.98. 

3.  A  lawyer,  having  a  debt  of  $6500  to  collect,  compro- 
mises for  97^% ;  his  commission  is  2|^% ;  how  much  does 
he  remit  to  his  employer  ?  Ans.  $6194.91. 

4.  A  speculator  sells  $7452.50  worth  of  dry  goods  through 
a  factor  who  charges  2.^%  commission  and  2J%  for  insuring 
payment;  what  does  the  factor  remit?      Ans.  $7079.87^. 

5*  An  agent  sold  a  consignment  of  flour  for  $5657.25,  and 
afterward  bought  2500  bushels  of  grain  at  87/  a  bushel ; 
his  commission  is  2^%  ;  what  sum  did  he  remit  to  his  em- 
ployer ?  Ans.  $3306.02. 

6.  I  sell  on  commission  1500  bushels  of  clover  seed  @  75  ^, 
through  an  agent  to  whom  I  pay  l\%  ;  how  much  do  I  clear, 
my  commission  being  2^%  ?  Ans.  $14.06^. 

7.  Frantz,  Herr  &  Co.  bought  600  tons  of  railroad  iron  at 
$30  a.  ton,  through  their  agent  in  Pittsburgh,  and  shipped  it 
to  Omaha,  where  it  was  sold  by  an  agent  at  $38  a  ton;  how 
much  did  they  clear,  transportation  costing  $250,  and  com- 
mission being  2^%  ?  Ans.  $3632. 

8.  An  agent  bought  580  yards  of  woolen  goods  at  an 
average  price  of  75/  a  yard  ;  paid  $50  storage  and  $25  trans- 
portation, and  sold  it  for  $1  a  yard ;  how  much  should  he 
remit  to   his  principal,  commission  2J%  ?       Ans.  $47.16. 

CASE   II. 

(S3S.  Given,  the  rate  and  the  commission  or  the  net 
proceeds  or  the  entire  cost,  to  find  the  base. 

1.  An  agent's  commission  in  one  year  for  collecting  money 
at  3J%  is  $2600  ;  how  much  did  he  collect  ? 

Solution. — At  a  commission  of  3}%,  .03 J  operation. 

times  the  cost  of  the  goods  equals  the  commis-  $2600 

uion,  which  is  $2600;   hence  the  cost  equals  "i— -—  =  $80,000 
$2600 divided  by  .03^,  which  we  find  is  $80,000.  -^^^^ 
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Rule  i. — Divide  the  commission  by  the  rate,  lo  find  the 
base. 

Rnle  II. — Divide  the  net  proceeds  by  1  minus  the  rate,  or 
the  entire  cost  by  1  plus  the  rate,  to  find  the  base, 

2.  An  agent  bought  2400  bu.  of  wheat,  his  commission 
at  2|%  was  $68.T5,  and  charges  for  storage,  freight,  etc., 
$191.25  ;  what  was  the  actual  cost  a  bushel?  Ans.  $1.15. 

3.  A  lawyer  collects  a  debt  for  a  client,  takes  Z\%  for  his 
fee,  and  remits  the  balance,  $19,350  ;  what  was  the  debt 
and  fee?  Ans.  Debt,  $20,000;  fee,  $650. 

4.  An  fiigent  buys  goods  on  commission  at  1^%,  and  pays 
$35  for  freight ;  the  whole  amount  was  $4080 ;  what  was 
the  amount  expended  ?  Ans.  $4000. 

5.  Sold  200  barrels  of  pork,  commission  2J^%,  guaranty 
1|%,  net  proceeds  due  consignor,  $2876.25;  what  did  I  re- 
ceive per  barrel  for  the  pork  ?  Ans.  $16. 

B.  My  agent  bought  40  horses,  and  paid  $105  for  their 
transportation,  which,  with  his  commission,  3^%,  amounted 
to  $6315  ;  what  did  the  horses  cost  apiece?       Ans.  $150. 

7.  I  sent  orders  to  my  agent  to  buy  a  certain  quantity  of 
woolen  goods,  allowing  him  ^\%  commission  and  paying 
li%  for  delaying  payment  a  month ;  his  bill  was  $2898 ;  how 
many  yards  did  he  buy  at  $1.12  a  yard  ?       Ans.  2500  yd. 

8.  I  sold  a  consignment  of  cotton,  commission  4%  ;  in- 
vested the  net  proceeds  in  flour,  commission  2%  ;  my  whole 
commission  was  $180 ;  required  the  value  of  the  cotton  and 
flour.  Ans.  Cotton,  $3060;  flour,  $2880. 

9.  I  sold  a  consignment  of  grain  and  invested  the  pro- 
ceeds in  sugar,  deducting  my  commissions,  4J%  for  selling 
and  2^%  for  buying;  the  sugar  cost  $T640;  what  did  the 
grain  sell  for,  and  what  were  my  commissions  ? 

Ans.  Grain,  $8200 ;  1st  com.  $369  ;  2d  com.  $191. 

10.  I  sold  a  consignment  of  goods  through  a  factor  who 
charged  me  \\^o  ;  I  was  allowed  2^%  commission  and  ^\% 
for  insuring  payment,  and  I  cleared  $68 ;  what  was  my 
commission  and  the  sum  remitted  to  the  consignors  ? 

Ans.  Sum  remitted,  ^V5>\*I\  ^wsv.^%'^'»*i. 
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11.  I  received  $4850  and  a  consignment  of  2000  barrels 
of  flour  from  Badeau  &  Co.,  which  I  sold  at  $7.50  a  barrel, 
and  invested  the  net  proceeds  and  cash  in  cotton;  how 
much  did  I  invest  in  cotton,  mj  commission  being  3%  for 
selling  and  l\%  for  buying,  and  the  expenses  for  storage 
and  freight  S350?  Ans.  $18768.47. 

CASE  III. 
(S30«  Given,  the  base  and  the  comtnission  or  tlie  net 
proceeds  or  the  entire  cost,  to  find  the  rate. 

1.  A  commission  merchant  collected  $8650,  and  his  com- 
mission was  $302.75  ;  what  was  the  rate  of  commission? 

Solution. — The  commission,  $302.75,  equals  the  opebation. 

base,  $8650,  multiplied  by  the  rate  ;  hence,  the  rate  ono  75 

equals  $302.75  divided  by  $8650,  which  we  find  is  --;-'  =  .03 J 

.03i,  or3if^.  ^^^^ 

Rule  I. — Divide  the  commission  by  the  base,  to  find  the 
rate. 

•  Rule  II. — Divide  the  difference  between  the  base  and  the 
net  proceeds  or  the  entire  cost,  by  the  base,  to  find  the  rate. 

2.  A  factor  in  Iowa  sold  some  land  for  me,  and  after  re- 
taining his  commission,  $90,  remitted  me  $1910;  what  rate 
of  commission  did  he  charge  ?  Ans,  4^%, 

3.  A  commission  merchant  sells  5980  pounds  of  tea,  at 
$1.12^  a  pound,  and  remits  the  net  proceeds,  $6559.31^; 
what  is  his  rate  of  commission  ?  ^ns.  2^%. 

4.  I  sold  a  consignment  of  goods  through  an  agent  for 
$5745 ;  mj  commission  was  $201.07},  and  I  paid  the  agent 
$86. 17^ ;  what  was  the  rate  of  commission  of  each  ? 

Ans.  Mine,  3}%  ;  agent's,  1^%. 

5.  My  agent  bought  40  horses  at  $150  each,  paid  $25  for 
their  keeping,  and  $80  for  transportation ;  he  drew  on  me 
for  $6315  ;  what  was  his  commission  ?  Ans.  S^%. 

6.  A  commission  merchant  in  Philadelphia  having  re- 
ceived a  consignment  from  Chicago  of  1850  bushels  of 
wheat,  sells  it  at  $1.25  a  bushel;  having  deducted  $35  for 
freight,  and  $25  for  storage,  and  his  commission,  he  remits 
to  Chicago  $2171.56:^ ;  what  was  his  rate  of  commission  ? 

Au».^\o(o» 
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STOCKS  AND   DIVIDENDS. 

540«  A  Company  is  an  association  of  individuals  for  the 
transaction  of  business.     It  may  or  may  not  be  incorporated, 

541«  A  Corporation  is  a  company  regulated  in  its 
operation  by  a  general  law  or  a  special  charter. 

o4!S.  The  Stock  of  a  company  is  the  capital  invested  in 
the  business.     The  owners  of  stock  are  called  Stockholders, 

543*  A  Share  is  one  of  the  equal  parts  iuto  which  the 
stock  is  divided.     A  share  is  usually  $50  or  $100. 

544.  Scrip  or  Certificates  of  Stock  are  the  papers 

issued  by  a  corporation  to  its  stockholders,  as  evidence  of 
the  number  of  shares  belonging  to  each  respectively. 

949.  Stocks  is  a  general  name  applied  to  the  scrip  or 
bonds  of  a  corporation,  and  to  government  bonds  and 
public  securities. 

546.  Bonds  are  written  or  printed  obligations  to  pay 
certain  sums  of  money  at  or  before  a  specified  time. 

547.  State  Stocks  or  United  States  Stocks  are  bonds 

of  a  State,  or  of  the  United  States,  payable  at  some  future 
time,  with  interest  at  a  fixed  rate. 

548.  An  Installment  is  a  sum  required  of  stockholders 
as  a  payment  on  their  subscription. 

549.  A  Dividend  is  a  sum  paid  to  stockholders  out  of 
the  gains  of  the  company. 

550.  An  Assessment  is  a  sum  required  of  stockholders 
to  meet  the  expenditures  or  losses  of  the  company. 

9^1.  The  Base  upon  which  dividends  and  assessments 
ure  estimated  is  the  original  or  par  value  of  the  stock. 

552.  The  Quantities  considered  are  as  follows:  1.  The 
Stock;   2.  The  Bate;   3.  The  Dividend  or  Assessment. 

The  capital  stock  of  any  corporation  is  limited  by  the  charter.  In 
general,  only  a  certain  percentage  is  paid  at  the  time  of  subscriptioti^ 
the  remainder  being  reserved  for  future  expenses. 

When  the  capital  is  all  paid  up,  if  more  money  is  needed,  it  may  h<\ 
dbtained  bj  /oarw,  secured  by  mortgage  upon  \)xov^t\.^  ^1  >i>c\fc  ^vi.w\\»3BOi' 
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The  boruls  issued  for  these  loans  entitle  the  holder  to  a  certain  fixed 
Interest,  while  the  stockholders  participate  in  the  profits  of  the  company 
Ln  proportion  to  the  stock  they  hold.  The  increase  of  the  stock  of  a 
company  by  the  issue  of  new  shares  is  termed  *'  watering ''  the  stock. 

CASE  I. 
S53«    Given,  the  stock  and  the  rate  of  dividend  or 
assess inentf  to  find  tlie  dividend  or  assessment. 

1.  A  man  owus  65  shares  of  bank  stock  at  $50  a  share; 
the  bank  declares  a  dividend  of  Y%  ;  what  does  he  receive? 

Solution. — If  one  share  of  stock  is  operation. 

worth  $50,  65  shares  are  worth  65  times  65  X  50  =  3250 

$50,  or  $3250,  and  7%  of  $3250  is  .07  $3250  X  .07  =  $227.50 

times  $3250,  or  $227.50.  ^       ^ 

Rule. — Multiply  the  par  value  of  the  stock  by  the  rate,  to 
find  the  dividend  or  assessment. 

NoTB. — It  is  often  convenient  to  find  the  result  by  multiplying  the 
dividend  or  assessment  on  one  share  by  the  number  of  shares. 

2b  A  man  owns  98  shares  of  Pennsylvania  R.  R.  stock  at 
$50  each;  if  the  company  declares  a  semi-annual  dividend 
of  5%,  what  is  his  dividend?  Ans.  $245. 

3.  A  telegraph  Co.,  whose  stock  consists  of  5T80  shares 
at  $25  each,  declares  a  quarterly  dividend  of  2^% ;  what 
sum  was  divided  among  the  stockholders?  Ans,  $3612.50. 

4.  The  Lancaster  Gas  Co.,  with  a  capital  of  $65,000, 
declares  a  dividend  of  8%,  and  has  a  surplus  of  $800;  how 
much  has  it  earned  to  do  this?  Ans,  $6000. 

5.  The  net  earnings  of  the  Manor  Turnpike  Company  are 
$9000,  and  the  stock  $157,000;  the  company  declared  a  5% 
dividend;  what  w^as  the  surplus?  Ans.  $1150. 

B.  A  owns  72  shares,  at  $100  each,  in  a  mutual  insurance 
company,  which  on  account  of  losses,  requires  an  assess- 
ment of  3J%  ;  how  much  does  A  pay  ?  Ans.  $240. 

7.  B  has  135  shares  of  Farmers'  Bank  stock  ($50)  ;  the 
bank  declares  a  dividend  of  8% ;  how  many  shares  of  stock 
could  he  buy  with  his  dividend?       Ans.  10;  $40  surplus. 

8.  Mr.  Wilson  owns  80  shares  of  N.  Y.  Central  R.  R.  stock 
($100);  if  the  company  declares  a  dividend  of  5%,  payable 
in  stock,  how  many  shares  will  he  then  own?      Ans,  84. 

/A  If  a  company  "water"  its  stock  by  iaauing  20%  of 
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• 

new  stock,  and  their  original  capital  was  $5,000,000,  what 
would  be  the  amount  of  a  dividend  of  8%  before  the  water- 
ing, and  what  afterwards?  Ans,  $400,000;  $480,000. 

10*  The  capital  stock  of  a  Western  railroad  is  $1,750,000, 
and  its  debt  is  $675,000;  its  gross  earnings  for  the  year 
1873  were  $565,000,  and  expenses  $384,500;  after  deducting 
interest  on  the  debt  at  6%,  what  dividend  would  a  stock- 
holder receive  on  20  shares  at  $100  each?  Ans,  $160. 

CASE   IL 
^^4.  Given,  tlie  rate  and.tlie  dividend  or  assess- 
tnent,  or  the  result  of  increuse  or  decrease  of  stock ,  to 
fiiid  tlie  stock, 

1.  A  bank  divides  $4875  among  its  stockholders,  being  a 
5%  dividend;  required  the  whole  amount  of  stock. 

Solution. — If  $4875  is  5%  of  the  stock,  then  operation. 

05  times  the  stock  equals  $4875,  the  dividend,  4375 

hence    the    stock  equals  $4875,  the    dividend,  ~7^=^^^^^' 
divided  by  .05,  the  rate,  which  is  $97500.  '^^ 

Rule  I. — Divide  the  dividend  or  assessment  by  the  rate, 
to  find  the  stock. 

Rule  II. — Divide  the  result  of  increase  by  1  plus  the 
ratey  or  the  result  of  decrease  by  1  minus  the  rate,  to  find 
the  stock, 

2.  A  company  divides  $15,000  among  its  stockholders,  as 
ihe  result  of  a  7^%  dividend;  what  is  A's  stock,  provided 
he  owns  ^  of  the  entire  stock?  Ans.  $20,000. 

3.  A  man  pays  an  assessment  of  $27L,  at  b^%,  on  his 
insurance  stock;  how  many  shares  does  he  own,  the  shares 
being  valued  at  $50  each?  Ans.  100. 

4.  A  gas  company  whose  annual  expenses  are  $2980,  and 
gross  earnings  $5780,  pays  a  dividend  of  5%  semi-annually; 
required  the  value  of  the  stock.  Ans.  $28,000. 

5.  Mr.  B  received  $240  payable  in  stock,  as  his  share  of 
an  8%  dividend;  how  many  shares  had  he  at  first,  and  how 
many  has  he  now,  shares  at  $50?      Ans.  60;  64,  and  $40. 

6.  Henry  received  a  6%  stock  dividend,  and  then  had  93 

shares,  $50   each,  and   $14  of  another   share;    how  many 

shares  had  he  at  first  ?  Atv,^.  ^"^^ 

17 
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7.  Mr.  D  received  12  shares  aud  $7.50  in  money  as  hia 
share  of  a  7^%  dividend ;  how  many  shares,  at  $50  each, 
did  he  then  own?  Ans.  174  shares. 

8.  I  received  two  dividends  in  the  stock  of  the  Pittsburgh 
Gas  Company,  one  at  8%,  another  at  10%,  and  I  then  had 
297  shares  ($100);  how  many  shares  had  I  at  first  ?  Ans,  250. 

9.  I  received  a  stock  dividend  of  5%  in  a  Nevada  mining 
company,  in  April,  and  a  similar  dividend  of  10%  in  Decem- 
ber; I  then  owned  231  shares  at  $50  ;  how  many  shares  had 
1  at  first  ?  Ans,  200. 

CASE  m. 

SS5.  CHven,  the  stock  ami  tlie  dividend  or  assesS' 
merU,  or  tlie  result  of  increcise  or  decrecise  of  stock ,  to 
find  tihe  rate. 

1.  My  dividend  on  $6500  worth  of  bank  stock  was  $975 ; 
what  was  the  rate  of  dividend  ? 

Solution. — Since  the  dividend  is  some  per  cent.         operation. 

of  the  stock,  the  base,  $6500,  multiplied  by  the  rate,      975  *  6500 15 

equals  $975;   hence  the  rate  equals  the  dividend, 

$975,  divided  by  the  stock,  $6500,  which  equals  .15,  or  15%. 

Rule  I Divide  the  dividend  or  assessment  by  the  stocky  to 

find  the  rate. 

Rnle  II. — Divide  the  difference  between  the  stock  and  the 
result  of  increase  or  decrease,  by  the  stocky  to  find  the  rate, 

2.  A  owns  85  shares  of  railroad  stock,  at  $100  a  share, 
and  receives  a  dividend  of  $680;  what  was  the  rate  of 
dividend  ?  Ans.  8%. 

3.  An  oil  company,  whose  stock  is.$lOO,000,  clears  $78^  ; 
required  the  largest  integral  rate  of  dividend  that  they  can 
declare,  and  the  surplus.  Ans,  7%  ;  surplus,  $850. 

4.  After  receiving  a  stock  dividend,  I  had  93  shares  ($100) 
and  $28  toward  another  share  ;  what  was  the  rate  of  the 
dividend,  if  I  had  88  shares  at  first?  Ans.  6%. 

5.  I  have  250  shares  in  a  Chicago  Gas  Company  ($100)  ; 
I  received  two  stock  dividends,  the  first  amounting  to  $2000 
and  the  second  to  $2700 ;  what  were  the  rates  of  the  divi- 
dends?  Ans.  8%  and  10%. 
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C.  The  capital  stock  of  a  railroad  is  $895,750;  the  pass- 
enger earnings  in  1  yr.  were  $74,537.50,  and  the  freight  earn- 
logs  $94,567.50;  the  disbursements  were  $107,963;  what 
rate  of  dividend  can  be  declared  ?    Ans.  6%  ;  $7397  surplus. 

7.  A  company  whose  capital  was  $6,000,000,  "watered" 
it  by  the  issue  of  25%  of  new  stock;  if  it  divided  $450,000 
among  the  stockholders  after  the  watering,  what  will  be  the 
rate  per  cent,  of  the  dividend?  Ans,  6%. 

8.  The  charter  of  a  new  railroad  company  fixes  the  capi- 
tal stock  at  $1,000,000,  of  which  three  installments  of  25%, 
35%,  and  30%,  respectively,  have  already  been  called  in; 
the  amount-  already  expended  is  $750,000,  and  it  is  estimated 
that  $450,000  more  will  be  required  to  finish  the  road. 
After  the  last  installment  is  called  in,  what  must  be  the  rate 
per  cent,  of  the  assessment  on  the  stockholders  to  make  up 
the  deficiency  ?  ^n«.  20%. 

PAR,   PREMIUM,   AND   DISCOUNT. 

556.  Capital  is  property  consisting  of  Money ^  Bonds, 
Stocks,  Drafts,  etc. 

557.  Drafts,  Checks,  and  Bills  of  Exchange  are  writ- 
ten orders  for  the  payment  of  money  at  some  definite  place. 

558.  The  Par  Value  of  capital  is  the  value  marked  on 
its  face,  called  the  nominal  value  ot  face, 

559.  The  Real  Value  or  Market  Value  of  capital  is 

what  it  will  sell  for. 

560.  Capital  is  At  Par  when  it  sells  for  its  nominal 
value  or  its  face. 

5i61«  Capital  is  Above  Par,  or  at  a  Premium,  or  at  an 
Advance,  when  it  sells  for  more  than  its  nominal  value. 

562.  Capital  is  Below  Par,  or  at  a  Discount,  when  it 
sells  for  less  than  its  nominal  value. 

Stocks  are  often  named  from  the  rate  of  interest  they  draw ;  thus,  we 
have  5'8,  6's,  7-30'8,  etc.  The  thue  to  run  or  date  when  due  sometimes 
gives  the  name:  as,  4*8  of  97. 

The  Stock  of  a  company  will  generally  be  above  ^ar  mlvexv  ^^^ft.  ^assvsv 
pany  is  doin^:  a  lucrative  business,  and  \i\oNii  -^^ui '«\i'eQ. \\.S&  iQvw^'5s^\RM\ 
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business.    The  stock  of  a  town,  city,  etc.,  varies  according  to  the  confi- 
dence in  its  security,  tlie  fluctuations  of  the  money-markets,  etc 

If  the  paper  currency  of  a  country  becomes  depreciated  in  value,  gold 
becomes  an  object  of  investment,  the  same  as  stocks.  The  value  of  gold 
being  fixed,  its  fluctuations  in  price  indicate  the  changes  in  the  value  of 
tlie  currency.  Thus,  when  gold  is  said  to  be  at  a  premium^  cuirency  is 
really  at  a  discount, 

563*  The  Base  upon  which  premium  and  discount  are 
estimated  is  the  par  value. 

564«  The  Quantities  considered  are  four :  1.  The  Far 
Value ;  2.  The  Rate ;  3.  The  Premium  or  Discount ;  4. 
The  Real  Value, 

Note. — The  problems  under  this  subject  are  solved  without  brokerage — 
the  sales  and  exchanges  being  regarded  as  direct  without  the  aid  of  a 
'jroker. 

CASE    I. 
S65.  Oiven,  the  par  vtUue  and  the  rate  of  pretniuiu 
or  discount,  to  find  the  premium  or  discount ,  or  the 
real  v€Uue. 

1.  A  bought  45  shares  of  stock  ($50)  at  7%  premium ;  re- 
quired the  premium  and  cost,  or  real  value. 
Solution. — The  par  value  of  45  operation. 

slia^  at  $50  each  is  $50x45=        $50x45  =  $2250  =  pax  value. 

$2250 ;  and  the  premium  at  7%  is  07 

.07 times  $2250, or $157.50, and  this  ,,^'  . 

added    to    the    par  value,  equals  157.50= premium. 

$2407.50,  the  real  value.  22o0__ 

$2407.50  — -  real  value. 

Rule  I. — Multiply  the  par  value  by  the  rate^  to  find  the 
premium  or  discount. 

Rule  II. — Multiply  the  par  value  by  1  plua  the'  rate  of 
premium^  or  by  1  minus  the  rate  of  discount^  to  find  the, 
real  value, 

?.  A  broker  bought  27  shares  of  Penn.  R.  R.  stock  ($5() 
at  45,  and  sold  it  at  55  ;  how  much  did  he  gain  ?  Ana.  $270. 

3.  A  banker  bought  $960  in  gold  at  a  premium  of  12^%, 
and  sold  it  at  a  premium  of  17J%  ;  how  much  did  he  make 
by  the  operation  ?  Ans.  $45.60. 

4.  Bought  172  shares  of  Reading  R.  R.  stock  ($50)  for 
46f,  and  gave  in  payment  a  draft  on  St.  Louis  for  $7500  at 
1%  discount,  and  the  balance  in  cash  ;  how  much  cash  did 

I  pajr?  kxy%.%^^^\^J^. 
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5.  A  exchanged  82*  shares  of  bank  stock  (S50)  at  3i% 
premium  for  106  shares  of  Camden  and  Atlantic  R.  R.  stock, 
at  47i,  paying  the  balance  in  cash ;  how  much  cash  did  he 
pay?  ^rw.  $791.50. 

6.  If  I  buy  $6800  U.  S.  6*s  at  108,  and  $7200  Cin.  7.30*8, 
at  102;  what  is  the  market  value  of  each  ?         Ana.  $7344. 

CASE  II. 

SGO*  OiveUf  the  rate  and  the  premium  or  discount 
or  the  real  valuer  to  find  the  par  value. 

1.  A  sold  some  drafts  at  3^%  premium,  and  gained  $210 
on  the  par  value ;  what  was  the  par  value  ? 

Solution. — If  the  premium  at  3}%  is  $210,  operation. 

then  .03}  times  the  par  valve  equals  $210 ;  hence  $210  •  .03ji $6000 

the  wir  value  equals  $210  divided  by   .03}, 
which  we  find  is  $6000. 

Rule  I. — Divide  the  premium  or  discount  by  the  rate,  to 
find  the  par  value. 

Rule  II. — Divide  the  real  value  by  1  plu4i  the  rate  of 
premium,  or  by  1  minus  the  rate  of  discount,  to  find  the  par 
value. 

2.  When  State  6's  are  96%,  what  is  the  par  value  of  the 
amount  that  can  be  bought  for  $4992  ?  Ans.  $5200. 

3.  A  speculator  sold  68  shares  of  bank  stock  at  a  premium 
of  4^%,  and  received  $3553;  what  was  the  par  value  of  a 
share  ?  Ans.  $50. 

4.  A  broker  receives  $51,000  to  invest  in  Illinois  6's  stand- 
ing at  85 ;  how  many  $1000  bonds  can  he  buy  ?     Ans.  60. 

5.  Required  the  face  of  a  draft  at  i%  discount,  which  will 
buy  *r5  shares  of  United  Companies  of  New  Jersey  R.  R. 
stock  ($100),  selling  at  123f  Ans.  $9337.31. 

6.  How  many  shares  of  canal  stock  ($50)  at  95%  must  1 
sell  in  order  that  the  proceeds,  +  $9.50,  invested  in  Cin, 
7-30'sat  108%,  may  have  a  par  value  of  $1900?  Ans.  43. 

7.  During  a  commercial  panic,  a  merchant,  wishing  to 
raise  $20,000,  was  obliged  to  sell  certain  stocks  ;  the  market 
value  being  77^,  how  many  shares  must  he  sell^  the  ^^'t  Vi-v^ 
ing  $1 00  ?  Ans.  25^  s\\Me^,  ^\i^  «>.^^  Vi\v^'^\^'e.'^> 
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8.  I  exchanged  $56,000  in  drafls'at  U%  discount,  and 
♦2500  Mo.  6*8  at  110,  for  New  Jersey  Central  (100)  at  95; 
how  many  shares  did  I  buy  ?  Ans.  611,  with  $5  rem. 

CASE   III. 

507*  Oiven,  the  par  value  and  tlie  real  value  or  tits 
pretniutn  or  dlftcoutU,  to  find  the  rate  of  premium  or 
disco  unt* 

1.  A  sold  some  stock  whose  face  value  was  $6000,  at  a 
discount  of  $420  ;  what  was  the  rate  of  discount  ? 

Solution. — Since  the  preiiiium  equals  the  operation. 

par  value  multiplied  by  the  rate,  $(>UOU  niulti-        $120  •  $0000=  07 
plied  by  the  rale  equals  $420 ;  hence  the  rate 
equals  lt)420  divided  by  $0000,  which  we  Ihid  is 
.07. 

Rule  I. — Divide  the  premium  or  discount  by  the  par 
value,  to  find  the  rate. 

Rule  II. — Divide  the  difference  between  the  real  value 
and  the  par  value  by  the  par  value,  to  find  the  rate, 

2.  A  man  bought  106  shares  of  railroad  stock  ($50)  for 
$4902.50;  what  was  the  rate  of  discount?         Ans,  7^%. 

3.  If  the  above  mentioned  106  shares  were  sold  for 
$5591.50,  what  is  the  rate  of  premium  and  rate  of  gain? 

Ans.  Premium,  5^%  ;  gain,  14^y%. 

4.  Bought  $2000  City  6's  at  102^  and  sold  them  at  a  gain 
of  $65  ;  at  what  rate  were  they  sold?  Ans.  105f. 

5.  In  1872  I  gave  $250  in  currency  for  $200  in  gold; 
what  was  the  premium  on  gold  and  the  discount  on  cur- 
ronoy  ?  Ans.  2o<5f  proiniuni  ;  20%  discount. 

6.  Bought  $1000  of  stock,  premium  12}%,  and  sold  it  for 
$1200;  what  was  the  premium  on  the  sale,  and  what  the 
gain  per  cent.?  Ans.  20%  premium  ;  6?%  gain. 

7.  B  bought  84  shares  of  canal  stock  ($50)  at  20%  pre- 
mium,  and  gave  in  payment  a  draft  on  New  York  for  $5000; 
what  was  the  rate  of  premium  of  the  draft  ?         Ans.  ^fc 

8.  Sold  82  shares  of  North  Pennsylvania  R.  R.  stock  for 
$4438.25,  and  bought  with  the  proceeds,  +$3,  95  shares 
Lehigh  Navigation  ;  what  were  the  premium  and  discount 

of  the  two  stocks  ?       Ans,  8\%  premVum-,  ^\f^Q  diacouut 
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BROKERAGE. 

fl08.  Brokerage  is  a  percentage  charged  by  brokers  for 
the  transactioQ  of  business. 

569.  A  Broker  is  a  person  who  buys  or  sells  money, 
stocks,  bills  of  exchange,  real  estate,  etc.,  for  others. 

570«  A  Stock  Broker  is  one  who  deals  in  stocks ;  he 
is  generally  called  simply  a  Broker,  The  operations  of  a 
stock  broker  are  called  Stock- Jobbing, 

For  convenience  in  carrying  on  their  business,  the  brokers  of  large 
cities  associate  themselves  in  a  ''Board,''  which  meets  at  the  "Stock 
Exchange.''  At  the  meeting,  the  stocks  on  the  Ust  are  called  in  a  cer- 
tain order,  and  those  wishing  to  buy  or  sell,  bid  for  and  offer  the  stock 
as  it  is  reached.  If  the  sale  is  for  eosA,  the  certificate  for  the  stock  sold 
is  delivered  that  day ;  if  it  is  regvlaoTf  the  certificate  is  delivered  and 
the  money  paid  the  next  day. 

An  operator  ''  sells  short "  when  he  sells  stock  that  he  does  not  hold, 
borrowing  it  for  delivery,  and  hoping  to  buy  at  a  lower  rate.  If  stocks 
should  fall  before  he  is  obliged  to  replace  what  he  has  borrowed,  he 
makes  a  profit ;  but  if  they  should  rise,  he  will  have  to  *'  cover  "  at  an 
advance,  and  lose  the  difference.  An  operator  is  ''long"  when  he  buys 
stock  and  holds  it  in  expectation  of  a  rise.  Those  operators  who  trv  to 
depress  prices  are  called  hears;  those  who  try  to  raise  prices  are  called 
huUi, 

Contracts  are  sometimes  made,  in  consideration  of  a  certain  sum,  to 
take  or  deliver,  within  a  specified  time,  so  many  shares  of  a  certain  stock 
at  a  certain  price.    These  contracts  are  known  as  "  calls  "  and  "  puts." 

571.  Stock  Quotations  are  reports  of  sales  of  stocks. 
Stocks  are  quoted  either  at  the  price  of  one  share,  or  at  the 
price  of  $100  of  par  value  of  the  stock,  whatever  be  the  par 
value  of  a  share.  The  former  method  is  used  in  Philadel- 
phia ;  the  latter  in  New  York. 

57!S«  Various  Abbreviations  are  used  In  stock  quota- 
tions ;  among  the  principal  ones  are  the  following : 

Coup,  and  Reg,  are  abbreviations  used  for  coupon  and  registered  ; 
ex  coup. — without  coupon — is  used  when  a  coupon  for  interest  just 
due  has  been  cut  off  before  the  sale  of  the  bond ;  ex  int. — withotU  in- 
terest— when  interest  just  due  is  not  to  be  paid  to  the  purchaser. 
Thus,  "20,000  U.  S.  4'8  coup.  1907,  128f'  signifies  that  4%  coupon 
bonds,  due  in  1907,  whose  par  value  was  $20,000,  sold  at  |128i  for 
$100. 

\st  m.— first  mortgage  ;  conv. — convertible — means  that  the  bonds 
may  be  exchanged  for  the  stock  of  the  company.    Thus,  "6000  Erie 
1st  m.  100  conv.,"  signifies  that  bonds  of  the  Erie  Bailroad,  secured 
by  a  first  mortgage,  whose  par  value  was  $6000,  and  wMQk\Sk.<^^\:!^ 
exchanged  for  st^k  of  the  company,  -wet^  «fcWi\i^  ^\.  \».x , 
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Prg.^Preferred  stock — is  stock  issued  by  some  companies  which  has 
advantages  over  the  common  stock  in  regard  to  dividends ;  ex.  div^ 
without  dividend — means  that  the  stock  was  sold  without  entitling  the 

{>iirchaRer  to  a  dividend  about  to  be  paid.  Thiis,  "  100  Camden  and  At- 
antic  Pref.  ex.  div.  52  J,"  means  that  100  shares  of  the  preferred  stock  of 
the  Camden  and  Atlantic  Bailroad,  without  dividend,  were  sold  at  $52J 
for  a  share  whose  par  value  was  $50,  or  at  4  J  %  premium. 

63,  620,  660,  etc.,  mean  that  the  buyer  must  tiike  the  stock  at  the  end 
of  3,  20,  60,  etc.,  days,  or  socHier  at  his  option.  If  the  stock  should  rise 
he  would  "  call  "  it  before  the  expiration  of  the  time,  but  should  it  de- 
cline he  would  claim  the  whole  time.  He  pays  Interest  at  6  %  for  the  time 
he  holds  the  contract,  but  is  entitled  to  any  dividend  or  interest  falling 
due  within  that  time.  83,  ^20,  860,  etc.,  indicate  that  the  seller  must 
deliver  or  "  put "  the  stock  at  the  end  of  3,  20,  60)  etc.,  days,  or  sooner, 
at  his  option.  If  the  stock  should  fall  he  would  probably  *■*'  put ''  it  on 
the  buyer  before  the  expiration  of  the  time,  but  otherwise  wo'Ild  proba- 
bly hold  it  as  long  as  possible.  The  difference  in  these  two  transactions 
is,  that  the  ''option^  rests  in  one  case  with  the  buyer,  and  in  the  other 
with  the  seller,  the  contract  otherwise  being  the  same.  6c. — between  toUsy 
— signifies  that  the  stock  was  sold  between  the  times  at  which  it  was 
called  at  the  board  ;  c. — cosA — that  cash  was  paid  for  the  stock. 

573.  The  Base  upon  which  the  commission  for  the  par- 
chase  and  sale  of  bonds  and  stocks  is  estimated,  is  their  par 
^alue. 

574.  The  Bate  is  usually  }^,  and  will  be  so  understood 
when  no  other  rate  is  mentioned.  In  New  York  the  rate  is  4  % 
for  both  bonds  and  stocks. 

575«  The  Quantities  considered  are :  1.  The  Par  Value 
of  the  amount  sold,  bought,  etc. ;  2.  The  Rate  of  Brokerage; 
B.  The  Brokerage;  4.  The  Market  Value  of  $100,  or  of  I 
thare  ;  6.  The  Entire  Cost,  or  Net  Proceeds, 

CASE  I. 
570«  CHven,  the  par  vtUue,  the  rate,  and  the  mar" 
ket  value,  to  find  the  brokerage,  the  net  proceeds,  or 
the  entire  cost. 

1.  A  broker  bought  for  a  party  19  shares  of  Minehill  R. 
R.  ($50),  rate  of  brokerage  being  \%  ;  required  the  broker- 
age. 

SoLXJTTON. — The  par  value  was  19x$50,  or  operation. 

f950.     The  brokerage  was  .OOJ  times  |950,  19  X  $50  =$950 

which  equals  $2.37i.  $950 X  .00 J =$2.37 i 

Bule  I. — Multiply  the  par  value  by  the  rate,  to  find  the 
broJberage, 
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Rule  II. — Multiply  the  par  value  by  the  market  value 
minus  the  rate,  to  find  the  net  proceeds;  or  by  the  market 
value  plus  the  rate,  to  find  the  entire  cost,  • 

NoTB. — It  is  oilen  shorter  to  multiply  the  brokerage  on  one  share  b^ 
the  number  of  shares.  When  the  par  is  $50,  one-half  the  rate  should  be 
used. 

?.  A  broker  bought  for  me  75  shares  of  Penn.  R.  R.  stock 
($50);  required  the  brokerage  at  \%,  Ans,  $9.37^. 

3.  I  sold,  through  a  broker,  86  shares  of  Lehigh  Navigation 
stock  ($50)  at  43^;  what  was  the  brokerage  and  what  did  I 
receive?  Ans.  Brok.,  $10.75;  proceeds,  $3730.25. 

4.  My  broker  bought  65  shares  of  Bank  of  Commerce  of 
New  York  at  112,  and  sold  them  at  120;  required  the 
broker's  commission  and  my  profit.    Ans,  $32.50;  $487.50. 

5.  Shall  I  gain  or  lose  if  I  buy  25  shares  of  stock  ($100) 
at  12^%  advance,  and  after  receiving  a  6%  dividend,  sell 
them  for  5%  less  than  they  cost  me,  brokerage  in  both  cases 
being  J%,  interest  not  considered?  Ans.  $3,125  loss. 

6.  Sold  through  a  broker  150  shares  Second  and  Third 
Street  Passenger  Railway  stock  ($50)  at  60J,  and  bought 
75  shares  of  United  Companies  of  New  Jersey  ($100)  at 
121;  shall  I  gain  or  lose  by  the  transaction,  the  brokerage 
in  both  cases  being  ^%  ?  Ans,  Lose  $75. 

7.  Bought  45  shares  Norristown  R.  R.  stock  ($50),  and 
having  received  a  3%  quarterly  dividend,  I  sold  them  at  88 
and  bought  $4000  of  Missouri  6's  at  95,  brokerage  in  each 
case  being  \%  ;  did  I  gain  or  lose  by  the  transaction, 
interest  on  money  not  regarded?     Ans,  Gained  $211.87^^. 

CASE  n. 

•577«  Given,  the  rate,  tfie  brokerage,  or  the  net 
proceeds  or  entire  cost,  and  the  market  vtUue,  to  find 
the  par  value, 

1.  A  broker  received  $75  at  \%  for  selling  Northern 
Pacific  bonds  for  me;  what  was  their  par  value? 

Solution. — ^At  a  rate  oi  \%,  .OOJ  times  the  operation. 

par  value  of  the  bonds  equals  the  brokerage,  ^75 

which  is  $75;    hence  the  'par  value  equals  $75  — —  =s^Q^(ittft 

divided  by  .OOJ,  which  we  find  ia  ^'iO^WiQ.  ^'^^ 
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Rule  I. — Divide  the  brokerage  by  the  rate,  to  find  the  par 
value. 

Rule  II. — Divide  the  net  proceeds  by  the  market  value, 
minus  the  rate^  or  the  entire  cost  by  the  market  value  plus 
the  ratCy  to  find  the  par  value, 

2.  I  paid  a  broker  $75  for  selling  Tennessee  6*8  at  f  % 
')rokerage;  what  was  their  par  value?  Ans.  $10,000. 

3.  A  broker  received  $4062.50  to  invest  in  Union  Pacific 
Vs  at  81,  deducting  his  commission  of  ^% ;  what  was  the 
par  value  of  the  bonds?  Ans,  $5000. 

4.  I  sent  a  Philadelphia  broker  a  draft  on  Drexel  &  Co. 
for  $2933,  directing  him  to  invest  the  money  in  Pennsylva- 
nia R.  R.  stock  ($50),  and  deduct  his  commission  of  -|%  ; 
how  manv  shares  shall  I  receive,  the  stock  being  worth  52;^? 

Ans,  56. 

5.  My  broker  sold  $3000  Central  Pacific  Gold  Bonds  at 
94f,  and  invested  the  proceeds  in  N.  Y.  Central  R.  R.  stock 
($100)  at  lOOJ;  how  many  shares  did  he  buy,  brokerage  on 
each  transaction  being  \%?  Ans,  28  and  $3.50  rem. 

6.  I  bought  Northern  Central  R.  R.  stock  ($50)  at  31,  and 
sold  it  at  34^;  after  paying  the  brokerage  on  each  transac- 
tion, I  have  a  profit  of  $112.12^;  how  many  shares  did  I 
buy?  Ans,  39  shares. 

7.  A  merchant,  wishing  to  raise  $25,000  in  the  panic  of 
'73,  directed  a  broker  to  sell  North  Pennsylvania  R.  R. 
stock  sufficient  to  produce  the  required  sum  and  also  pay 
the  brokerage;  if  the  stock  was  selling  at  31^,  how  many 
shares  must  he  sell  and  what  would  be  his  surplus  ? 

Ans.  797  shares;   $5|^  surplus. 

8.  Sold  $3000  of  Philadelphia  6's  at  101|,  and  invested  the 
proceeds  in  Farmers' and  Mechanics'  Bank  stock  ($100)  at 
121 ;  what  is  my  actual  investment  after  deducting  brokerage 
on  both  transactions?         Ans,  25  shares;  $17.50  surplus. 

9.  I  have  a  balance  of  $500  in  bank  and  sell  through  my 
broker  15  shares  of  Philadelphia  National  Bank  ($100)  at 
158},  and  request  him  to  buy  as  many  shares  of  Lehigh 
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Valley  R.  R.  at  Bl,  as  my  bank  account  will  allow;  how 
many  shares  can  he  buy,  and  what  is  my  balance  in  bank? 

Arts.  46  shares;  $58.25  balance. 

CASE  m. 

UTS.  Given,  the  par  value,  and  the  brokerage,  or 
tJie  net  proceeds  or  entire  cost,  and  the  tnarket  value, 
to  find  the  rate. 

1.  A  broker  buys  Camden   and  Amboy  6*8,  whose  par 

value  is  $9500,  and  his  charge  was  $23.75;  what  was  the 

rate  of  brokerage  ? 

Solution. — The  brokerage,  $23.75,  equals  the  par  ofebatiok. 

value,  $9500,  multiplied  by  the  rale;  hence,  the  rate  oo  75 

equals  $23.75  divided  by  $9500,  which  we  find  is  .OOi  7:^ =.00i 

ot\%,  9500 

Rule  I. — Divide  the  brokerage  by  the  par  value,  to  find 
the  rate. 

Rule  II. — Divide  the  difference  between  the  real  value  of 
the  stockf  and  the  net  proceeds  or  entire  cost,  by  the  par 
valuCf  to  find  the  rate, 

2.  A  broker  buys  54  shares  of  turnpike  stock  at  95;  the 
brokerage  was  $^13.50;  what  was  the  rate?         Ans,  \%, 

3.  I  send  a  broker  $11,225  for  which  he  buys  200  shares 
of  Pittsburgh  Gas  Co.  stock  ($50)  at  a  premium  of  12%, 
retaining  the  brokerage ;  what  was  the  rate?       Ans,  \%, 

4.  My  broker  having  purchased,  according  to  order,  18 
shares  of  Reading  R.  R.  stock  ($50)  at  57,  informs  me  that 
the  entire  cost  is  $1028.25 ;  what  is  the  rate  ?     Ans,  \%, 

5.  I  gave  a  broker  $15900  to  invest  in  *' Camden  and 
Amboy"  ($100) ;  he  bought  124  shares  at  127^,  and  remitted 
me  the  balance,  $28;  what  rate  of  brokerage  did  he 
charge?  Ans,  ■J^%. 

6.  A  broker  sold  56  shares  of  a  certain  gas  company  ($25) 
at  31,  and  deducting  his  commission  on  both  transactions, 
bought  26  shares  Kensington  Bank  stock  ($50)  at  65,  with 
a  surplus  of  $39  25 ;  what  was  the  rate  of  brokerage  ? 

Au&.  \<^cj* 
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INCOME  FROM  INVESTMENTS. 

579*  InvestmeiltS  in  bonds,  stocks,  etc.,  may  be  made 
either  for  interest  on  the  money  or  for  increase  of  capital. 

580*  Bonds  are  written  or  printed  obligations  to  pay  cer- 
tain sums  of  money  at  or  before  a  specified  time,  insuring  the 
holder  an  income,  yearly,  semi-yearly,  or  quarterly,  at  a  given 
rate  per  cent. 

581«  The  Denomination  of  a  bond  is  its  face,  or  the 
amount  it  promises  to  pay.  The  most  usual  denomination  is 
$100,  but  other  denominations  are  also  common. 

582*  The  Rate  of  Interest  of  a  bond  is  the  annual  income 
it  pays  on  $100.     Thus  bonds  pay  6%, 5%, 4}%,  3%,  etc. 

Bonds  are  often  designated  by  the  rate  of  interest;  as,  New  York 
7'8,  Phila.  6's,  Penna.  5's,  Cincinnati  7-30*8,  U.S.  4^*8,  etc. 

583*  The  Glasses  of  Bonds  most  common  are  those  of 
Corporations,  Cities,  States,  the  United  States,  etc. 

Bonds  are  issued  by  Corporations,  Towns,  Cities,  Statps,  etc.,  for 
the  purpose  of  raising  money  to  pay  their  indebtedness,  make  im- 
provements, etc.  Tims,  a  city  often  raises  money  to  erect  school 
buildings  by  the  issue  of  bonds. 

Bonds  are  valued  as  an  investment  in  accordance  with  their  secu- 
rity and  rate  of  interest.  Thus  the  bonds  of  a  State  or  of  the  United 
States  are  so  secure  that  even  when  the  rate  of  interest  is  low  they 
sell  at  a  premium. 

584*  Bonds  are  distinguished  as  Registered  and  Coupon 

Bonds.    The  Registered  Bonds  are  payable  to  the  order  of 

*  the  holder,  and  cannot  be  transferred  without  being  indorsed. 

585*  The  Coupon  Bonds  have  coupons,  or  certificates  of 
interest,  attached  to  them,  which  may  be  cut  off  and  the  inter- 
est collected  when  due. 

586.  The  principal  bonds  of  the  United  States,  called  Gk)T- 
ernment  Bonds,  are  the  following: 

The  4's  of  1907,  which  are  4%  bonds  due  in  1907.  These  bonds 
are  both  coupon  and  registered,  and  the  interest  is  payable  quar- 
terly. 

The  4J's  of  1891,  which  are  4i%  bonds  due  in  1891,  interest  pay- 
able quarterly,  both  coupon  and  registered. 

The  currency  6's,  issued  to  aid  in  constructing  several  railroads 
to  the  Pacific.  There  are  several  series  of  these  bonds,  maturing 
respectively  in  1895,  6,  7,  8,  and  9. 

Government  Bonds  are  so  secure  that  they  are  much  sought  after 
for  inrestment,  and  thus  command  a  pxemmm.    "YXs^a  v^'^^^^a'^ca. 
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nsually  becomes  smaller  each  year,  as  the  bonds  approach  ma- 
turity. 

When  the  interest  on  bonds  is  payable  in  gold,  and  gold  is  at  a 
premium,  the  income  in  currency  is  equal  to  the  income  in  gold, 
plus  the  premium. 

587.  The  two  principal  classes  of  priyate  securities  are 
Mortgages  and  Ground- Rents, 

3SSm  A  Mortgage  is  a  conditional  conveyance  of  prop 
erty  as  security  for  the  payment  of  a  debt. 

Should  the  interest  not  be  promptly  paid,  the  mortgage  may  be  /brr- 
closed^  and  the  property  is  then  sold  by  the  sheriff  to  Uie  highest  bidder, 
and  the  mortgage  paid  off  from  the  proceeds.  Property  is  usually  not 
niort^iif!^  beyond  a  certain  part  of  its  value,  in  order  that  the  mort- 
gagee may  be  secure  from  loss.  It  is  sometimes  the  case,  however,  that 
a  second  mortgage  is  given,  but  this  cannot  be  paid,  in  case  of  foreclo- 
sure, till  the  first  is  fully  paid,  and  hence  may  not  be  a  very  good  security. 

589.  A  Ground-Rent  is  a  fixed  rent  pliid  for  ground, 
generally  used  for  building  purposes. 

It  is  a  common  practice  in  Philadelphia,  when  a  person  wishes  to 
build  one  or  more  nouses,  instead  of  6v'2^';i^  the  ground  required,  to  agree 
to  pay  the  interest  on  its  value  as  rent,  the  contract  to  continue  in  force 
as  long  as  the  rent  is  regularly  paid.  A  ground-rent  may  be  redeemahU 
or  hredeemahle.  Some  cities,  as  Philadelphia,  prohibit  the  issue  of  any 
more  irredeemable  ground-rents. 

Mortgages  and  ground-remis  are  not  bought  and  sold  at  the  Stock 
Exchange,  but  conveyancers  are  generally  employed  in  tlie  transac- 
tion, as  the  title  and  condition  of  the  property  must  be  examined,  and  the 
necessary  papers  drawn  up.  Well-secured  mortgages  and  ground-rents 
are  in  such  high  esteem  as  safe  investments,  that  they  are  among  the 
securities  in  which  trust  funds  may  be  legally  invested. 

590.  The  Quantities  considered  are:  1.  The  Amount 

Invested;  2.  The  Rate  of  Dividend  or  Interest;   3.  The 

Income;  4.  The    Market  Value  of  $100,  or  of  one  share; 

5.  The  Rate  of  Income, 

Note. — In  chan^n^  from  one  investment  to  another,  It  Is  often  the  case 
that  there  is  a  little  more  realized  from  the  sale  of  the  first  than  will  pro- 
euro  an  exact  number  of  shares  of  the  second.  In  such  cases  the  income 
will  be  calculated  on  the  number  of  shares,  without  noticing  the  surplus. 
Brokerage  Is  not  to  be  reckoned  unless  mentioned. 

CASE   I. 

HOI*  Given ^  the  amount  of  an  investment ^  the  mar- 
ket  valuCf  and  the  rate  of  dividend  or  interest^  to  find 
the  income. 

1.  If  a  person  invests  $8075  in  6%  bonds,  at  95,  what  will 
be  his  annual  income  ? 
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Solution. — Since  for  95  cents  you  can  buy  operatioh. 

$1  worth  of  stock,  for  $8075  you  can  buy  as  $8075-i-.95=s$8500 

many  dollars'  worth  of  stock  as  $0.95  is  con-  *ft«;nnv 'ftfi-— 3«ift 

tained  times  in  $8075,  or  $8500.    The  annual  ^^"":>^-"o— ?)Oiu 

income  on  this  is  $8500x .06  =  $510. 

Rule. — I.  Divide  the  amount  invested  by  the  market  value^ 

to  find  the  par  value, 

II.  Multiply  the  par  value  by  the  rate,  to  find  the  income. 

Note. — In  case  of  stocks,  we  may  divide  the  market  value  by  the  par 
value  for  the  number  of  shares,  and  multiply  the  dividend  on  each  share  by 
the  number  of  shares,  but  this  rule  will  not  apply  to  mortgages  and  ground- 
rents,  which  are  not  divided  into  shares,  but  taken  as  one  whole,  and  thero- 
fore  is  not  general. 

2.  What  annual  income  would  I  receive  by  investing 
$2T50  in  State  6's  at  110  ?  Ans.  $150. 

3.  If  I  invest  $4920  in  United.  Companies  of  New  Jersey 
stock  at  120,  dividend  10%,  what  will  be  my  income  ? 

AuB.  $410. 

4.  If  I  invest  $5100  in  6}%  bonds  at  102,  what  is  my  an- 
nual income  from  this  investment?  An8.  $325. 

5*  Mr.  Wilkins  sold  on  ground-rent  a  lot  150  ft.  front  by 
210  ft.  deep,  valued  at  $56.25  per  foot  front ;  what  would  be 
the  ground-rent  per  foot  front  at  6%?  Ana,  $3,375. 

6.  A  conveyancer  sold  a  lot  50  ft.  front  and  125  ft.  deep,  on 
ground-rent  redeemable  on  payment  of  $4500 ;  what  is  the 
ground-rent  at  6  %  per  annum  ?  Ana.  $270. 

7.  A  man  had  $9500  in  6%  bonds,  selling  at  118;  would 
his  annual  income  have  been  greater  or  less  if  he  had  exchanged 
them  for  5%  bonds,  selling  at  106?       Ans.  Less  by  $42.50. 

8.  A  lady  receiving  a  legacy  of  $3000,  bought  $1500  of 
5%  bonds  at  97i,  invested  as  much  of  the  remainder  as  possi- 
ble in  6  %  bonds  (lowestdenominations  $50)  at  105 ;  what  sur- 
plus remained,  and  what  was  her  annual  income? 

Ans,  $15  surplus ;  income  $162. 

9.  A  man  sold  $5500  of  U.  P.  6%  bonds  at  120,  and  invested 
the  proceeds  in  Lehigh  Valley  R.  R.  stock  ($50)  at  61,  paying 
10%  dividend,  brokerage  being  \%  for  both  buying  and  sell- 
ing; how  much  did  he  gain  or  lose  annually  by  the  exchange? 

Ans.  Gain,  $205. 
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10.  Mr.  Bennett  conveyed  a  lot  on  a  6%  ground-rent,  pay- 
able in  gold,  redeemable  on  payment  of  $7500 ;  what  was  its 
value  in  currency,  when  gold  was  115,  and  what  was  the 
ground-rent  in  gold,  and  what  in  currency  ? 

Ans.  $8625  ;  gold  rent,  $450  ;  currency,  $517.50. 

!!•  A  capitalist  holding  bonds  of  the  N.  Y.  Central  and 
Iludson  R.  R.  to  the  amount  of  $20,000,  exchanged  them 
for  the  stock  of  the  same  company  at  98|%.  The  bonds 
drew  6%  interest,  while  on  the  stock  two  semi-annual  divi- 
dends  were  declared,  the  first  3%  and  the  second  4%  ;  how 
much  did  he  gain  annually  by  the  exchange?     Ans.  $214. 

12.  A  manhaviug$6000of  Philadelphia  6's  at  102,  decided 
to  sell  them  and  invest^ in  WestPhiladelphia Pass. Railway 
at  67,  dividend  10%,  ^  in  Norristown  R.  R.  at  87,  dividend 
12%,  and  the  remainder,  including  the  surplus  from  the 
other  investments,  in  Green  and  Coates  St.  Railway  at  47, 
dividend  8%;  what  will  be  the  increase  of  his  income,  deduct- 
ing ^%  for  brokerage  on  each  transaction  ?         Ans.  $91. 

CASK   II. 

59IS.  Criven^  the  income,  the  rate  of  dividend^  and 
the  ^tiarhet  value,  to  find  the  amount  invested. 

1.  When  6%  bonds  are  selling  at  108,  how  much  miet  be 

invested  in  them  to  secure  an  annual  income  of  $672? 

Solution. — Since  $1  of  stock  gives  an  operation. 

income  of  $0.06,  to  give  an  income  of  $672  672-=-  06  =  11200 

it  will  require  672^.06,  or  $11200; $11200        |ii200xi.'o8  =  $12096 
ofstock  at  108%  will  cost  $11200x1.08=        '»'  ^ 

$12096. 

Rule. — I.  Divide  the  income  by  the  rate,  tc  fnd  the  par 
value. 

11.  Multiply  the  par  value  by  the  market  valtte  of  1  share, 
to  find  the  amount  invested. 

2.  A  brick  dwelling  subject  to  a  ground  rent  of  $54  at  6%, 
was  sold  for  $4500  ;  what  was  its  value  ?         Ans.  $5400. 

3.  What  sum  must  I  invest  in  Government  6*8  of  '97,  at 
112},  to  secure  an  annual  income  of  $600,  brokerasre  i  %? 

Am.  V^V^Si^. 
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4.  When  Michigan  Central  7's  are  selling  at  981,  what 
aum  must  be  invested  in  them  to  yield  $343  a  year,  broker- 
age i%?  Ans.  $4832.62 J. 

6.  If  I  sell  $10,000  U.  S.  6's  of  '99  at  121,  and  buy  suffi- 
cient Union  Pacific  T's  at  81  to  yield  $770  income,  what 
shall  I  have  left,  deducting  brokerage?  Ans.  $3137.50. 

6.  If  I  invest  a  certain  sum  in  6's  at  85,  and  the  same  sum 
in  7's  at  95,  and  receive  $5  more  a  year  from  the  latter  invest- 
ment, how  much  do  I  invest  in  each?  Ans,  $1615. 

7.  What  must  I  pay  for  Missouri  6's  to  realize  7%  on  the 
investment?  What  must  I  pay  for  Lehigh  Valley  7's  to 
yield  6i%?  ^rw.  85j;  107A. 

8.  When  gold  was  selling  at  130,  how  much  must  be  paid 
for  6%  gold  bearing  bonds  in  order  to  realize  1%  on  the  in- 
vestment? Ans,  lllf. 

9.  Mr.  Francis  bought  a  lot  of  150  ft.  front  and  148  fk.  deep, 
at  a  ground-rent  of  $1.50  per  foot  front ;  what  would  be  the 
purchase  money  for  the  whole  property,  the  ground-rent  being 
6%  of  it?  ^rw.  $3750. 

10.  How  many  shares  of  Nesquehoning  Valley  R.R.  ($50)  at 
54i,  must  be  sold  in  order  that  the  proceeds,  invested  in  Alle- 
gheny City  6's  at  95,  may  yield  an  income  of  $750,  not  consid- 
ering brokerage?  Ans,  218  shares,  $6  surplus. 

11.  A  man  sold  $16,000  New  York  6's  at  106,  and  invested 
a  part  of  the  proceeds  in  U.  S.  6's  at  112,  sufficient  to  yield  an 
annual  income  of  $540,  and  spent  the  remainder  for  a  lot ; 
what  did  the  lot  cost  ?  J^w.  $6880. 

12.  What  must  have  been  the  price  of  gold  so  that  a  person 
investing^  'n  gold-bearing  6's  at  110,  could  realize  7%?  What 
muse  nave  been  the  price  of  gold  so  that  a  person  could  realize 
6%  from  investing  in  gold-bearing  5's  at  98?  Ans,  128  J;  1171. 

13.  I  invested  through  my  broker,  equal  suras  in  Rhode 
Island  6's  and  Illinois  6'8,  the  former  costing  105,  and  the 
latter  98;  the  income  from  both  was  $522;  how  much  was 
invested  in  each?  -iiw. $4410. 

14.  J  hold  Alabama  8's  at  70  which  give  an  income  of 
$504,  but  preferring  an  investment  nearer  home,  I  exchange 
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them  for  Pittsburgh  Vs  at  101 ;  how  much  must  1  add  to 
my  investment  to  secure  the  same  income  ?    Ans.  $2862. 

CASE   III. 

II93.  Given,  the  inarket  value,  and  the  incoine  or 
rate  of  dividend,  to  find  the  rate  of  incotne  on  tlie 
invest  tnent. 

1 .  What  per  cent,  of  his  money  will  a  man  realize  by  pur- 
chasing 6  %  stock  at  90  ? 

Solution. — ^$1  of  stock  will  cost  $.90,  and  pays        operation, 
$.06;   if  on  $.90  the  gain  is  $.06,  on  $1  it  is  as      .06-s-.90=.06| 
many  per  cent,  as  .06-i-.90,  or  6| ,% . 

Rule. — Divide  the  annual  income  or  dividend  of  the 
slock,  by  its  market  value,  to  find  the  rate  of  income. 

2.  What  is  the  rate  of  income  on  Union  Pacific  T's  bought 
at  81?  Ans.S^%. 

3.  Bought  an  irredeemable  ground-rent  of  $25  per  annum 
for  $315  ;  what  per  cent,  do  I  realize  ?  Ans,  6f  %. 

4.  I  buy  a  ground  rent  of  $360  for  $58t5 ;  what  interest 
do  I  receive  on  my  investment  ?  Ans.  6:^%. 

o.  The  Fidelity  Trust  and  Safe  Deposit  Company,  as 
trustee,  invests  $28,000  in  a  ground-rent  of  $1500 ;  what  in- 
terest do  they  realize?  Ans.  5^%. 

6.  Which  is  the  better  investment,  5%  bonds  at  106,  or  6% 
bonds  at  112;  and  how  much  ?  Ans.  The  latter;  Hi^- 

7.  When  U.  S.  S's  (gold  bearing)  were  at  95  and  gold  at  140, 
what  %  in  currency  did  these  bonds  yield  ?  Ans.  7A%. 

8.  Which  is  the  more  profitable  investment,  Missouri  6*s  at 
95,  or  Iowa  7's  at  108  ?  Ans.  Iowa  7's. 

9.  A  man  invested  in  R.  R.  7-30Vut  105},  and  afterwards 
exchanged  them  for  City  6*s  at  94} ;  which  was  the  better 
in  vestment  ?  Ans.  The  former. 

10.  Desiring  to  make  a  permanent  investment,  I  find  three 
classes  of  bonds  equally  secure,  6*s  at  70,  6*s  at  80,  and  7's  at 
95  ;  which  is  the  best  investment?  Ans.  6*s  at  80. 

11.  Buy  at  Philadelphia  Exchange  $25,000  Congress  Hall, 

Cape  May,  N.  J.,  coupons,  7%,  at  85  ;  what  rate  of  income  do 

I  realize?  Ans.  S^^, 

18 
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12.  I  bought  at  '*  exchange,"  $2500  ($50)  Reading  and 
Columbia  Railroad  1st  mortgage  coupons,  7%,  $1000  at  94 
and  $1500  at  93^ ;  what  will  be  the  average  rate  of  income 
from  the  investment?  Ans,  T^^%. 

GENERAL   TAXES. 

594.  A  Tax  is  a  sum  of  money  assessed  on  persons  or 
property  for  public  purposes. 

505«  Taxes  are  assessed  by  the  national  government, 
a  state,  county,  or  town. 

596.  A  Property  Tax  is  a  tax  upon  property.  Pro- 
perty is  of  two  kinds  ;  Real  Estate  and  Personal  Property. 

597«  Real  Estate  is  immovable  property ;  as  land,  build- 
ings, etc.  Personal  Property  is  movable  property ;  as 
money,  stock,  furniture,  etc. 

598*  A  Poll  Tax  is  a  tax  on  the  person.  It  is  assessed 
m  some  states  on  each  male  citizen  not  exempt  by  law. 

599.  An  Assessment  Roll  is  a  list  or  schedule  contain- 
ing the  names  of  persons  taxed,  the  valuation  of  their  pro- 
perty, and  the  amount  of  their  taxes. 

600.  An  Assessor  is  an  officer  who  appraises  the  prop- 
erty, and  prepares  the  assessment  roll. 

601.  The  Quantities  to  be  considered  are :  1.  The  Tax- 
able Property ;  2.  The  Rate  of  Taxation ;  3.  The  Amount 
of  Tax. 

Beal  estate  is  usually  assessed  by  the  proper  officer  for  not  more  than 
i  or  }  of  its  real  value.  The  value  of  personal  property  may  be  given 
in  by  the  owner  under  oath,  or  if  he  neglects  to  do  this,  it  is  valued  by 
the  officer. 

The  term  poll  is  from  the  German  poUe,  the  head.  A  poll  tax  is  a 
capitaMon  taXf  from  the  Latin  caput,  the  head.  In  some  States,  the  in- 
come  from  a  person's  occupation  is  assessed  at  a  small  sum  and  taxed. 
Money  on  interest  secured  by  bond  and  mortgage  is  taxed  in  some  States. 

After  the  taxes  have  been  assessed,  each  person  receives  a  notice  of 
his  taxation,  stating  the  day  of  appeal,  when  he  may  appear  before  the 
proper  officers  and  show  reasons  for  correcting  any  mistakes  that  have 
been  m:ide. 

Note. — Government  Taxes  are  taxes  levied  by  the  general  government. 
They  will  be  considered  under  JhUiet  and  Customs. 
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CASE   I. 
003.   Oiven,  the  taxable  property  and  the  rate  of 
taxation,  to  find  the  amount  of  tax. 

1.  The  taxable  property  of  a  town  is  1578,000,  and  the 
rate  of  taxation  $.005  on  a  dollar;  what  is  the  rate  ? 

SoLnriON.— If  the  lai  is  t.005  on  $1,  opbrjtion. 

on  $578,000  il   will   be  578000   times        578000  X  $.005  =  $2890 
$.00.j,  or  $2890. 

Rule. — MuUiply  the  amount  of  taxable  property  by  the 
rate,  to  find  the  tax. 

N<iTB. — If  there  Is  a  poll  tax,  the  gum  produced  by  it  Bhuuld  be  aililiii] 
to  the  property  tax  to  give  the  whole  tax. 

2.  The  real  estate  of  a  town  is  valued  at  $250,896,  and 
the  personal  estate  at  $356,729;  there  are  also  S30  polls  at 
$1.25  each;  what  is  the  whole  tax,  the  rate  being  4  mills 
)D  a  dollar  7  Ans.  $2868. 

603.  Table. — la  ihe  assessment  of  taxes  upon  a  town, 
!ity,  etc.,  a  table  is  usually  constructed  by  which  the  labor 
>f  calculation  is  greatly  facilitated.  The  following  table  is 
based  on  the  rate  of  $.005  to  the  dollar : 


Prop. 

TBI. 

Prop. 

Tax. 

Prop. 

Tax. 

Prop. 

Tax. 

Prop. 

Tax. 

¥1 

$.005 

lio" 

1.05 

$100 

$0.50 ' 

tiooo 

t5 

SIO.OOO 

$50' 

2 

.010 

20 

.10 

200 

1.00 

2000 

10 

20,000 

100 

3 

.015 

30 

.15 

300 

1.50 

3000 

15 

30,000 

150 

4 

.020 

40 

.20 

400 

2.00 

4000 

20 

40,000 

200 

5 

.025 

50 

.25 

500 

2.50 

5000 

25 

50,000 

250 

6 

.030 

60 

.30 

600 

3.00 

flOOO 

30 

60,000 

300 

7 

.035 

70 

.35 

700 

3.50 

7000 

3S 

70,000 

350 

8 

.040 

80 

.40 

800 

4.00 

8000 

40 

80,000 

400 

9 

.045 

90 

.45 

900 

4.60 

9000 

45 

90,000 

450 

S.  Find  A'a  tax,  whose  property  is  assessed  at  $9540,  if 
Le  pays  for  3  polls  at  $1.25  each  f 


Solution. — We  find  from  the  table 
the  tax  OD  $9000,  then  on  $500,  then  do 
$40,  then  cnlculaie  the  tax  on  three 
polls,  and  take  the  sum  of  the  reaultf, 
wliich  wiL  be  the  entire  tai. 


2JH> 
■      "         40=       .20 
"3pollg=     3.75 
Whole  t«x=$51.46 
1.  A's  property  is  assessed  at  |25,090  and  his-sister's  at 
$22,850;  what  tax  will  they  togeVhet  'ptt'^'l    Aua. ^fia'ir.'i. 
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5.  My  property  is  assessed  nt  $12,500  ;  I  pay  for  2  polls 
@  $1.25,  and  .1J%  on  the  income  from  my  occupation,  as- 
sessed at  $1200;  what  was  my  entire  tax?      Ans.  $66.50. 

6.  A  town  wishes  to  raise  a  tax  of  t^  mills  on  the  dollar. 
There  are  350  polls  at  $1.25  each,  the  personal  property  is 
valued  at  $230,000  and  the  real  estate  at  $900,000;  make  out 
the  assessor's  table,  find  the  whole  tax,  and  also  the  tax  of  D, 
whose  personal  property  is  valued  at  $7,540,  real  estate  at 
$15,700,  and  who  pays  for  3  polls.         Ans,  Last,  $178.05. 

7.  I  find  I  have  been  assessed  as  follows:  Real  estate, 
$20,000 ;  personal  property,  $2700 ;  money  at  interest, 
$20,000;  income  from  occupation,  $2000;  and  2  gold 
watches.  I  obtain  an  abatement  of  ^  on  the  real  estate, 
^  on  personal  property,  $1500  on  money  at  interest,  f  for 
occupation,  and  1  gold  watch;  how  much  does  this  lessen 
my  tax,  the  rate  being  $.004^1^,  and  $1  for  each  watch? 

Ans.  $50.30. 
CASE  U. 
004.  Given f  the  rate  of  taxation  and  the  taoc,  or  the 
amount  left  after  payment  of  tax,  to  find  the  amount 
assessed, 

1.  What  is  the  assessed  value  of  property,  taxed  $75.12 
at  6  mills  on  a  dollar  ? 

Solution.— At  6  mills  on  the  dollar,  .006  operation. 

times  the  amount  assessed  equals  the  tax,  which  cyg  2.2 

is    $75.12;     hence   the    anumrU    equals    $76.12  ^^-^rr^  =$12,520 

divided  by  .006,  which  we  find  is  $12,620.  '^^ 

Rule  I. — Divide  the  tax  by  the  ratey  to  find  the  amount 
assessed. 

Rule  II. — Divide  the  amount  left  after  payment  of  tax 
by  1  minus  the  rate. 

2*  A  tax  of  $2100  is  raised  in  a  town  containing  1200 
polls,  each  taxed  $.75;  the  property  tax  is  .25%;  required 
the  value  of  the  taxable  property.  Ans.  $480,000. 

3.  The  expense  of  building  a  town  hall  is  $6550,  to  be 
defrayed  by  a  tax  upon  the  property-holders ;  the  rate  was 
.5^%,  and  the  collector's  commission  2^%  ;  what  was  the 
valuation  of  the  property?  Ans.  $1,221,445  22. 
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4.  A  man  sold  property  for  $241,36T.8'75,  which  included 
the  tax  for  the  year  at  .6^%  and  3J%  for  collecting  it;  what 
was  the  price  of  the  property?  Arts,  $240,000. 

5.  Mr.  Fish  paid  one  year  .35%  township  tax,  .2^%  county 
tax,  .56%  school  tax,  and  $3.50  poll  tax;  his  whole  tax 
amounted  to  $409.50 ;  what  was  the  amount  of  his  property  ? 

Arts,  $35,000. 
CASE  m. 
005«  Given f  tlie  assessed  value  and  the  tax,  to  find 
the  rate. 

1.  A  tax  of  $83T5  is  to  be  assessed  in  a  town ;  the  real 
estate  is  valued  at  $960;000,  and  the  personal  property 
$580,000;  there  are  450  polls,  each  of  which  is  taxed  $1.50; 
what  is  the  rate  of  taxation  ? 

Solution. — ^We  multiply  the  tax  on  1                 opebation. 
poll  by  the  number  of  polls,  which  gives        $1.50X450  =  $676. 
$675  as  the  poll  tax;    subtractmg  this        $8375 $675 ^$7700 

^^:^^^^?  "^^"^^^  ^"^^  "^^  ^^^^J^'^^ll^'^        $7700h-$1,540,000=.006 
$7700,  the  property  tax ;   dividing  $7700  -s-*  »      » 

by  $1,540,000,  the  amount  of  property,  we  have  5  mills,  the  tax  on  $1. 
Rule* — Divide  the  property  tax  by  the  amount  of  taxable 
property  ;  the  quotient  will  be  the  rate  of  taxation. 

Note.— If  there  is  a  poll  tax,  subtract  it  from  the  whole  tax  before 
dividing. 

2.  A  town  whose  property  was  assessed  at  $602,880,  built  a 
school-house  which  cost  $1890.78,  the  collector's  commission 
being  3^%  ;  what  was  the  rate  of  taxation  ?     ^ns.  .3J%. 

3.  The  trustees  of  a  school  expended  $800  for  salary  of 
the  teacher,  $36.50  for  fuel,  and  $55.15  for  apparatus;  the 
school  fund  amounted  to  $175.50,  and  the  rest  of  the  expenses 
were  paid  by  a  rate  bill ;  if  the  attendance  was  6540  days, 
what  was  A's  tax,  who  sent  3  pupils  120  days  each  ? 

Ans.  $39.45. 

4.  In  a  town  whose  taxable  property  is  $2,560,000,  the 
estimated  expenses  for  a  year  are  $7675,  the  balance  in  the 
treasury  is  $585,  and  there  are  3800  polls  to  be  assessed 
$.35  each.  What  is  my  tax  if  my  property  is  assessed  at 
$45,600,  I  pay  for  4  polls,  also  a  state  tax  of  J  of  a  mill  oc. 
a  dollar,  and  a  county  tax  of  \\  m\\\^  oxi  «b  ^<:i\V^i.x1 

Atv*.%VV=^AV^ 
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SIMPLE  INTEREST. 

606.  Interest  is  money  charged  for  the  use  of  money 
for  a  certain  time. 

607*  The  Principal  is  the  sum  for  which   interest  is 
charged.    Interest  is  reckoned  as  a  percentage  of  the  principal. 
OOS.  The  Bate  of  interest  is  the  rate  per  cent,  on  $1 
for  a  certain  time.     The  usual  time  is  one  year. 

609.  The  Time  is  the  period  during  which  the  money 
is  on  interest. 

610.  The  Amount  is  the  sum  of  the  principal  and  the 
interest. 

611«  Simple  Interest  is  the  interest  on  the  principal 
only.     Compound  Interest  is  interest  also  on  the  interest. 

6i2«  Legal  Interest  is  interest  at  the  rate  fi:xed  by  law. 
It  varied  in  diflferent  States  in  1894  as  follows  : 


States. 

Rate 

Alabama    .    .    . 

8 

8 

Alaska  .   •   .   . 

8 

10 

Arizona .   •   •   . 

7 

* 

Arkansas  .    .    . 

6 

10 

California .   .    . 

Y 

* 

Colorado    .   .   . 

8 

* 

Connecticut  •    . 

6 

6 

Delaware  .    .    . 

6 

6 

Dist.  Columbia. 

6 

10 

Florida  .   .   .    . 

8 

10 

Georgia  .... 

7 

8 

Idaho  

10 

18 

Illinois  .    .    .    . 

5 

7 

Indiana  .... 

6 

8 

Indian  Ter    ,    . 

6 

10 

Iowa 

6 

8 

Kansas       .    .    . 

6 

10 

States. 


Kentucky  .  . 
Louisiana .  . 
Maine  .  .  . 
Maryland .  . 
Massachusetts 
Michigan  .  . 
Minnesota  .  . 
Mississippi  . 
Missouri  .  . 
Montana  .  . 
Nebraska  .  . 
Nevada .  .  . 
New  Hampshire 
New  Jersey  . 
New  Mexico . 
New  York  .  . 
North  Carolina 


Rate 


6 
5 

6 
6 
6 
6 
7 
6 
6 
10 
7 
7 

6  6 
6  6 
6  12 
6;  6 
61   8 


6 

8 

* 

6 
* 

8 

10 

10 

8 
* 

10 
* 


States. 


North  Dakota 
Ohio.   .   .   . 
Oklahoma  .  . 
Oregon  .   .    . 
Pennsylvania 
Rhode  Island 
South  Carolina. 
South  Dakota 
Tennessee .  . 
1 exas    ... 
Utah  .... 
Vermont  ,   , 
Virginia    .    . 
Washington  . 
West  Virginia 
Wisconsin  .  , 
Wyoming  .  . 


Ratb 


7 
6 
7 
8 
6 
6 
7 
7 
6 
6 
8 
6 
6 
8 
6 
6 
12 


12 

8 

12 

10 

6 
* 

8 

12 

6 

10 

* 

6 

6 

* 

6 

10 


The  first  column  gives  the  legal  rate ;  second  column,  the  rate  that 
may  be  collected  if  agreed  upon  in  writing ;  the  *  indicates  no  limit  to 
the  rate. 

613.  Usury  is  interest  at  a  rate  greater  than  the  law 

allows.     Various  penalties  are  attached  to  the  taking  of 

usury  in  the  different  States. 

The  legal  rate  in  England  and  France  is  5%  ;  and  in  Ireland,  Can- 
ada, and  Nova  Scotia,  6%. 
In  notes,  contractu^  accounts,  mortgages,  etc.,  when  no  rate  is  specified 
Uitf  le^Rl  rate  is  understood. 
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Notes  draw  interest  aiter  they  become  due,  though  interest  is  not  men- 
tioned in  them  ;  and  interest  is  reckoned  on  book  accounts  after  the  ex- 
piration of  the  term  of  credit. 

614.  The  Quantities  in  simple  interest  are  five :  1.  The 
Principal;  2.  The  Interest;  3.  The  Rate;  4.  The  Time; 
5.  The  Amount. 

Note. — In  computing  interest  it  is  customary  to  reckon  a  month  as  ^ 
of  a  year,  and  a  day  as  ^  of  a  month.  In  dealing  with  the  U.S.  Govern- 
ment and  foreign  correspondents,  each  day  is  ^\^  of  a  year. 

CASE   I. 

6l5«  Given,  the  principal,  the  rate  per  cetU.,  and 
the  time,  to  find  the  interest  or  the  amounts 

COMMON   METHOD. 

1.  What  is  the  interest  of  $3600  for  6yr.  Tmo.  15  da.  at 

Solution. — By  reduction  we  find  that  6  yr.  7  mo.  operation. 

15  da.  equals  6|  yr.    If  the  interest  of  $1  for  1  yr.  is  $3600 
7  cts.  the  interest  of  $3600  for  1  yr.  is  3600  times  7  cts.,  07 

which  is  $252,  and  for  6f  yr.  it  is  6f  times  $252,  which  '    ^ 

by  multiplying  we  find  to  be  $1669.50.    Hence  the  gs 

following  f 

$1669.50 

Rule  I. — Multiply  the  principal  by  the  rate^  and  that  pro- 
duct by  the  time  expressed  in  years,  to  find  the  interest 
II.  Add  the  interest  to  the  principal,  to  find  the  amount. 

Required  the  interest 

2.  Of  $380  for  3  yr.  4  mo.  12  da.  at  6%.       Ans.  $76.T6. 

3.  Of  $495  for  8  yr.  3  mo.  9  da.  at  6%.      Ans.  $245.t6f. 

4.  Of  $85.85  for  5  yr.  t  mo.  16  da.  at  8%.    Ans.  $38.65. 

5.  Of  $387  for  5  yn  10  mo.  15  da.  at  7%. 

Ans.  $159.15|. 

6.  Of  $795.87^  for  7yr.  9  mo.  18  da.  at  10%. 

Ans.  $620. 78^. 

SIX   PER   CENT.  METHOD.  ^ 

016.  The  Six  Per  Gent.  Method  is  so  called  becanse 
the  process  is  based  upon  that  rate. 

1.  What  is  the  interest  of  $360  for  8yr.  10  mo.  18  da.  at 

6%? 
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Solution. — ^Thelnt.  of  |1  for  1  yr.  is  $0.06,  operation. 

and  for  8yr.  it  is  8  times  $0.06,  or  $0.48.  .06X  8=10.48 

The  Int.  of  |1  for  1  mo.,  or  ^j  of  a  year,  is  *  i>/iq^    [05 

^y  of  6^,  or  ^  of  a  cent,  and  the  Int.  for  10  mo.  IvlS—    !o03 

is  10  times  ^  of  a  cent,  or  $0.05.  ~aa  kqq 

The  Int.  of  $1  for  1  mo.,  or  30  da.,  is  J  of  a  tm 

cent,  or  5  mills,  and  for  1  day  it  is  ^  of  5  ^!^ 

mills,  or  ^  of  a  mill,   and  for  18  da.,  it  is  18  $191.88 
times  ^  of  a  mill,  or  $0,003. 

Adding  these  results,  we  have  $0,533  as  the  Int.  of  $1  for  8  yr. 
10  mo.  18  da.,  and  on  $360  the  Int.  is  360  times  $0,533,  or  $191.88. 

Rule. — I.  Multiply  the  rate,  .06,  by  the  nuviber  of  years;  take 
J  of  the  number  of  months  as  cents,  and  i  of  the  number  of  days 
as  mills ;  their  sum  will  be  the  interest  0/  $1  for  the  given  time 
at  67c, 

II.  Multiply  this  sum  by  the  principal,  the  product  will  be  the 
interest  at  6  per  cent  For  any  other  rate,  take  as  many  sixths  of 
it  as  that  rate  is  of  six, 

NpTBS.— 1.  Another  "6  per  cent,  method"  is  to  reduce  the  years  to 
montlis,  and  taice  ^a2/ the  number  of  month*  for  cents,  etc.,  as  before. 

2.  Another  method  is  to  take  the  number  of  montJis  as  eenla  and  one- 
third  of  the  number  of  days  as  mills,  and  multiply  the  sum  by  half  the 
principal, 

8.  The  method  for  days,  popularly  expressed,  is  '^  Multiply  dollars  by  days, 
and  divide  by  6000." 

In  applying  this  method,  cut  off  three  decimal  figures,  multiply  by  the 
number  of  days,  and  divide  by  6. 

Remark. — Require  the  pupils  to  solve  the  following  problems  by  each 
of  the  above  methods. 

Required  the  interest 

2.  Of  $560  for  3yr.  8 mo.  12  da.  at  6%.     Ans,  $124.32. 

3.  Of  $150  for  7  yr.  t  mo.  24  da.  at  6%.     Ans,  $344.25. 

4.  Of  $35.60  for  5yr.  9  mo.  15  da.  at  5%.    Ans.  $10.31. 

5.  Of  $45.50  for  6  yr.  3  mo.  9  da.  at  4%.     Ans,  $11.42. 

6.  Of  $75.35  for  Syr.  5 mo.  14  da.  at  6%.  Ans.  $38,227. 

7.  Of  $60.75  for  4  yr.  5mo.  21  da.  at  7%.  Ans,  $19,029. 

8.  Of  $756.25  for  3yr.  7  mo.  11  da.  at  6^%. 

Ans.  $177,645. 

9.  Of  $831.56  for  9yr.  11  mo.  17  da.  at  6|%. 

Ans,  $559,276. 

10.  Of  $753.33^  for  Syr.  9 mo.  11  da.  at  7^%. 

Ans,  $512,638. 

11.  Of  £155  10  s.  8d.  for  5  yr.  9  mo.  13  da.,  at  4^%  ? 

Ans.  £^<^  ^  ^.  VS.\v5^.-v , 
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THE  60  DAY  METHOD. 

617«  The  Sixty  Day  method  of  interest  is  the  simplest 
and  best  for  short  periods  of  time. 

Principle. — At  6%  a  year,  the  rate  for  2  mo.,  or  60  da.,  is 
1%;  hence  jcyr  60  da.,  riir  oj  the  principal  equals  the  interest 
From  this  we  have  the  following  rule : 

Rule. — Point  off  two  plaices  in  the  principal  for  the  interest 
for  60  days,  and  take  multiples  or  aliquot  parts  of  this  interest 
for  any  other  number  of  days, 

1.  What  is  the  interest  of  $480  at  6%  for  66  da.?  for  96  da.? 

Solution. — Pointing  off  two  places 
we  have  $4.80,  the  Int.  for  60  da.;  then 
take  y\y  of  $4.80,  we  have  $0.48,  the  Int. 
for  6  da.;  then  tlie  sum  of  these  inter- 
ests, or  $5.28,  is  the  interest  for  66  da. 

Solution. — Pointing  off  two  places 
we  have  $4.80,  the  Int.  for  60  da.;  take 
i  of  $4.80  for  the  Int.  for  30  da.; and  ^^ 
of  $4.80  for  the  Int.  for 6  da.;  their  sum 
is  the  Int.  for  96  da . 


OPERATION. 

$4.80=Int.  for  60  da. 
.48=  "      **     6  da. 


$5.28= 


66  da. 


OPERATION. 

$4.80=Int.  for  60  da. 

2.40=  **      **  30  da. 

.48=  **      "     6  da. 


$7.68=  **      **  96  da. 
2.  Find  the  Int. of  $720, at  6%,  for 6 mo.  12 da.  Forl28da. 


$7 


21 
1 


OPERATION. 

20=Int.  for  60  da. 


60= 
20= 
24= 


(( 


it 


6  mo.  (3X2  mo.) 
10da.(Jof60da.) 
2da.  (iof  lOda.) 


_$7 
14 


OPERATION. 

20=Int.  for  60  da. 


40= 
72= 
24= 


$23.04=Int.  for  6  mo.  12  da.  $15.36= 

Required  the  interest 

3.  Of$450afor  4  mo.  at  6%. 

4.  Of  $1560  for  10  mo,  at  6%. 

5.  Of  $1920  for  2  mo.  9  da.  at  6^. 

6.  Of  $2520  for  33  da.  at  6%. 

7.  Of  $1600  for  63  da.  at  6%. 

8.  Of$450forl35da.  at6*. 
».  Of  $1680  for  3  mo.  28  da.  at  6%. 


it 


*'  120  da. 
**  6  da. 
"     2  da. 


**  128  da. 


Ans.  $90. 

Ans,  $78. 

Ans.  $22.08. 

Ans.  $13.86. 

Ans.  $16.80. 

Ans.  $10.12i. 

Ans.  $33.04. 

Jrw.  $36.21+. 


10.  Of  $1250  for  4  mo.  29  da.  at  7%. 

11.  Of  $2500  for  1  yr.  9  mo.  12  da.  at  7%.  Ans.  $312.08+. 

12.  Of  $1750  for  2  yr.  3  mo.  24 da.  at  8%.  ^rw.  1324.33 -h. 

13.  Of$275.50for2yr.8mo.l5da,«A.5>Tc,  Au^.%^^!^V— . 
U.  Of  «360.50  for  5  yr.  4mo.  16  d«..«A. \\1c .  A'u%.%^'\^'^^ 


00— Int.  for  60  da. 
00=  "      »*   30  da. 


I 
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16.  On  a  3  mo.  note  for  $4800  dated  April  15, 1876,  at  6%, 
allowing  3  da.  of  grace,  exact  time. 

EXACT  TIME.  OPERATIOX. 

In  April,     15  da.  $48 

In  May,      31  da.  24 

In  June,      30  da.  __3j20—  **      **     4  da. 

In  July,       15  da.  $75.20-=  **      **   94  da. 
91  da.-f  3  da.-=94da. 

10.  On  a  3  mo. note  for  $3600,  dated  Jan.  20, 1887,  at  6%, 

exact  time.  Ans.  $54. 

17.  On  a  note  for  $2550,  running  from  May  12  to  Oct.  20. 
at  6^,  exaci  time.  Aiis.  $68.43, 

18.  On  a  note  of  $1440  running  from  June  16  to  Nov.  10, 
at  7^,  exact  number  of  days.  Ans,  $41.16. 

19.  On  a  note  for  $1140,  dated  Nov.  24, 1887,  and  due  Feb. 
10,  1888,  at  6%,  allowing  3  da.  of  grace.  Ans.  $15.39. 

20.  On  a  note  for  $1050,  dated  Oct.  16, 1887;  and  due  Mar. 
25,  1888,  at  6%,  allowing  3  da.  of  grace.  Ans.  $28.70. 

METHOD  BY  CANCELLATION. 

618«  The  following  Six  Per  Cent.  Method  by  Cancellation 
will  be  found  convenient  and  practical : 

Rule  for  Months. — Point  off  two  places  in  the  principal,  di- 
vide by  2,  and  multiply  by  the  number  of  months. 

For  the  Int.  of  2  mo.  is  yj^  of  the  principal,  and  fori  mo.  it  is  | 
of  y^g  of  the  principal;  hence  for  any  number  of  months,  the  Int. 
is  J  of  jj^  of  the  principal  multiplied  by  the  number  of  months. 

Rule  for  Days. — Poi7it  off  three  places  in  the  principal^  di- 
vide by  6,  and  multiply  by  the  number  of  days. 

For  the  Int.  of  2  mo.  for  60  days  is  jj ^  of  the  principal,  and  for  C 
da.  it  is  -^jj  of  yj^,  or  j-q\-q  of  the  principal,  and  for  1  da.  it  is  J  of 
tttW  o^  ^^*®  principal;  hence  for  any  nuuber  of  days  the  Int.  is  J  of 
ruW  ^^  ^^^  principal  multiplied  by  the  number  of  days. 

1.  What  is  the  Int.  of  $3600  for  38  mo.  at  6%?  at  7%? 

Solution.— We   point   off  two  places  in  operation. 

$3600  to  divide  by  100,  then  divide  by  2,  and  $36.00X38    ^^q. 

multiply  by  38;  cancelling  and  multiplving,  s =-=?oo4. 

we  have  $684. 

Solution. — We  divide  by    6  to   find  operation. 

the  Int.  at  1  %,  and  multiply  by  7  to  find  3 

the  Int.  at  7^;  reducing  by  cancellation,  t?;«.OOX^Xt     v^vx^ 

we  ha  ve  $798,  ^i^»       — ^^^^^ « 
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2.  What  is  the  Int.  of  $4800  for  63  da.  at  6%?  at  4%? 

Solution. — The  Int.  for  1  da.  is  J  operation. 

of  Y^^(jOf  the  Prin.;  hence  we  point  .800 

oflf  three  places  in  $4800,  divide  by  6        ^i,^^X^^    ara  At\     a 

to  find  the  Int.  for  1  day,  and  mul-         g — *ou.4U.    An: 

tiply  by  63  to  find  tlie  Int.  for  63 

days;  cancelling  and  multiplying  we  have  $50.40. 

NoTK.— To  find  the  Int.  at  4^5<,  divide  by  6  and  multiply  by  4^,  express 
ing  the  work  and  cancelling. 

EXAMPLES  FOR  PRACTICE. 

Required  the  interest 

3.  Of  $120  for  2yr.  9  mo.  at  6%.  Arts.  $19.80. 

4.  Of  $245  for  3  yr.  4  mo,  at  6%.  Am.  $49.00. 

5.  Of  $1360  for  75  days  at  6 *.  Ana.  $17.00. 

6.  Of  $2240  for  2  mo.  12  da.  at  6^.  Ans.  $26.88. 

7.  Of  $2520  for  3  mo.  14  da.  at  7*.  •  Am.  $50.96. 

8.  Of  $1265  for  4  mo.  24  da.  at  5%.  Am.  $25.30. 

9.  Of  $5000  for  5  mo.  12  da.  at  4i%.  Am.  $101.25. 

10.  Of  $18.27  for  93  days  at  7 %.  Am.  $0.33+. 

11.  Of  $2480  for  124  days  at  7i%.  Am.  $64.07—. 

12.  Of  $3600  for  3  yr.  3  mo.  at  4i  *.  Am.  $526.50. 

13.  On  a  3  mo.  note  for  $3600,  dated  Dec.  20, 1887,  at 
6%,  exact  time. 

EXACT  TIME.  OPERATION. 

In  Dec.  11  da.  .6 

In  Jan.  31  da.  $?.^^^X9l     ^.a  na 

In  Feb.  29  da.  a »^*  ^"• 

In  Mar.  20  da. 

91  da. 

14.  On  a  3  mo.  note  for  $3600,  dated  Dec.  26,  1888,  at 
6  % ,  exact  time.  Afis.  $54. 

15.  On  a  90  da.  note  for  $5600,  dated  Dec.  20,  1888,  at 
6  % ,  allowing  3  days  of  grace.  •    Ans.  $86.80. 

16.  On  a  note  for  $4800,  dated  Dec.  16,  1887,  and  due 
Sept.  14,  1888,  at  8%.  Am.  $291.20. 

METHOD  OF  EXACT  INTEREST. 

619.  Exact  Interest  is  that  which  is  obtained  by  reckon* 
ing  365  days  to  the  year. 

Exact  Llterest  is  reckoned  by  the  United  Statea  G^^h^x^- 
meiit,  and  is  growing  in  favor  mlVi  W«vckfi«^  \fikS».. 
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Tho  common  method  ot  interest  gives  a  little  too  mucb,  since  it  icf^rds 
u  day  us  ^  of  a  year,  while  it  is  actually  ^. 

The  IrUt  rest  Tablet  used  by  bankers  and  other  business  men  are  olten 
calculated  to  exact  interest. 

1.  What  is  the  exact  interest  of  $840  from  August  15  to 
November  12,  at  7% ? 

OPERATION. 
$840 

Solution. — From  August  15  to  November  12  '^ 

tliere  are  89  davs ;    the  interest  of  $840  for  1  58.80 

year  of  365  Havs,  at  7%,  is  $58.80,  and  for  89  89 

days  it  is  -f^j  of  $58.80,  whicli  is  $14.34 — .  365)5233  20 

$14.33H 

Rule. — I.  Multiply  the  principal  by  the  rate^  and  this  pro- 
duct by  the  integral  number  of  years, 

II.  Multiply  the.  interest  for  1  year  by  the  exact  number 
o/daySf  and  divide  by  365. 

III.  Take  the  sum  of  the  two  results  for  the  entire  interest. 

Notes. — 1.  When  the  time  is  less  than  1  year,  we  may  fiud  the  interest 
by  the  common  method,  and  deduct  i^  of  it  for  a  common  year  or  ^  for  a 
leap  year. 

2.  What  is  the  interest,  at  6%,  of  $425.60,  from  April  6, 
1864,  to  July  17,  1868?  Ans.  $109.28. 

3.  A  man  had  $1800  on  interest  at  6^%  from  Oct.  16, 1862, 
to  April  1,  186t;  what  was  the  interest  ?      Ans.  $521.53. 

4.  What  is  the  common  interest  on  £521  3  s.  6  d.  for  3  yr 
t  mo.  15  da.  at  4%  ?  Ans.  £75  11  s.  4  d.  3^  qr. 

5.  What  is  the  interest  on  £456  7  s.  9  d.  from  Jan.  16, 
I860,  to  Sept.  14,  1860,  at  5%  ?  Ans.  £15  2  s.  7  d.-f-. 

6.  Find  the  interest  of  $100  from  Jan.  16,  1864,  to  Dec. 
10  of  the  same  year.  Ans.  $5.40f-|. 

7.  Difference  between  common  and  exact  int.  of  S600,  from 
June  18,  1863,  to  April  13,  1866,  at  ^%.     Ans.  $.44J^|. 

8.  If  I  borrow  $7500  in  Pennsylvania  and  loan  it  in  Ala- 
bama, at  legal  rates,  what  is  my  annual  gain  ?   Ans.  $150. 

9.  If  I  receive  $8000,  the  property  of  a  minor,  who  is  16 
yr.  5 mo.  15  da.  old,  at  5^%,  common  interest,  what  should 
I  pay  him  when  he  comes  of  age?  Ans.  $9998.33^. 
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CASE    n. 

630.  Given f  the  time,  the  rate,  and  the  interest  or 
the  amount,  to  find  tJie  principal. 

1.  What  principal  will  in  3  yr.  6  mo.  at  6%,  give  $49.14 
interest  ? 

Solution. — We  find  the  interest  of  $1  for  operation. 

3  yr.  6  mo.  at  6  per  cent.,  is  $0.21.     If  $1  gives  3  y^  g  ^q  --  42  mo. 
an  interest  of  $0.21,  to  give  $49.14  interest  it  i  of  42  -  $0.21 

will  require  as  many  dollars  as  $0.21  is  con-  ^^^ 

tained  times  in  $49. 14,  which  are  $234.  Hence  *ir_=:|234. 

the  following  .21 

Rule. — Divide  the  given  interest  by  the  interest  of  $1  for 
the  given  rate  and  time  ;  or^  divide  the  amount  by  the  amount 

2.  What  principal  will,  in  7yr.  8  mo.  5  da.  at  7%,  amount 
to  $1005.62?  ^ns.  $654. 

3.  What  principal  will,  in  5  yr.  8  mo.  11  da.  at  6%,  give 
$43Y.54|  interest  ?  Ans.  $1280. 

4.  What  principal  will, in  7  yr.5  mo.  19  da.,  at  7%,  amount 
to  $2307.13  ?  Ans.  $1515. 

5.  What  principal  at  4^%  will  amount  to  $1570.963  in  57 
days,  exact  interest  ?  •    Ans,  $1560. 

CASE  in. 

0!21.  Criven,  the  principal,  the  rate,  and  the  int-er" 
est  or  the  atnount,  to  find  the  time* 

1.  In  what  time  will  $860  at  5%,  give  $247.25  interest  ? 

OPEBATION. 

Solution.— The  interest  of  $860  at  6%  for  jggQ 

1  yr.  is  $43.    If  in  (me  year  the  principal  gains  05 

$43  interest,  to  ^ain  $247.25  interest  it  will  re-  ao(\(\  t  f  f    1 

quire  as  many  times  1  year  as  $43  is  contained  4«5.UO  int  for  1  yr. 

times  in  $247.25,  which  are  5i  yr.,  or  5  yr.  9  247.25  _ 

mo.     Hence  we  have  the  43.00      ^^^^' 

5  yr.  9  mo. 

Rule. — Divide  the  given  interest  by  the  interest  of  the 
principal  at  the  given  rate  for  one  year. 

Note. — When  the  amount  is  given,  subtract  the  principal  from  the 
amount  to  find  the  interest,  and  then  proceed  as  before. 

2.  In  what  time  will  $240,  at  5%,  give  $64  interest  7 

Ans,  5  yt.4\sv.^. 
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8.  la  what  time  will  $72.50,  at  6%,  give  $14.68^  interest? 

Arts.  3  yr.  4  mo.  15  da. 

4.  In  what  time  will  $13.25,  at  6%,  give  $7,062^  interest? 

Ans.  8  yr.  10  mo.  18  da. 

5.  In  what  time  will  $1515,  at  7%,  give  $791.84 interest? 

Ans,  7  yr.  5  mo.  18  da. 

6.  The  amount  of  a  principal  for  a  certain  time,  at  4%,  is 
$2838.33^,  and  for  the  same  timeat  9%  is  $3261.25;  required 
the  principal  and  time.         Ans,  $2500  ;  3  yr.  4  mo.  18  da. 

7*  A  sum  of  money  on  interest  amounts  at  4^%  for  a  cer- 
tain time  to  $5208.92,  and  at  9%  for  the  same  time  to 
$6092.84 ;  required  the  principal  and  time.       Ans.  $4325. 

CASK  IV. 

03!2«  Given,  the  principal ,  tJie  time,  and  tlie  inle^r* 
est,  or  the  amount ,  to  find  the  rate. 

1.  At  what  rate  will  $750  in  2  yr.  4  mo.  give  $105  inter- 
est? 

'  OPERATION. 

Solution. — We  find  that  the  interest  of  $750         %^^ 
for  2  yr.  4  mo.  at  ome  per  cent,  is  $17.50.    If  the  ^y 

principal  in  the  given  time,  at  (me  per  centjgives  -^ 

$17.50  interest,  to  give  $105  interest,  it  will  re-  '-^0 

quire  as  many  times  1  per  cent  as  $17.50  is  con-  ?i 

lained  times  in  $105,  or  6  per  cent.     Hence  the  17.50  Int  at  1^. 

following  105.00_^^ 

17.60""^^- 
Rule. — Divide  the  given  interest  by  the  interest  of  the 
principal  for  the  given  time  at  one  per  cent. 

Note. — When  the  amount  is  given,  subtract  the  principal  from  the 
amount  to  find  the  interest,  and  then  proceed  as  before. 

At  what  rate 

2.  Will  $480,  in  6yr.  3  mo.  18  da.,  give  $211.68  interest? 

Ans.*l%. 

3.  Will  $960,  in  1  yr.  1  mo.  1  da.,  give  $52.13^  interest? 

Ans,  5%. 

4.  Will  $13.50,  in  10  yr.  8  mo.  29  da.,  give  $26.56  amount  ? 

Ans.  9%. 
h.  Will  $26  50,  in  8yr.  9  mo.  U  da.,  give  $17.45  interest  ? 

Ans,  7i%. 
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6.  The  amount  of  a  certain  principal  for  7  yr.  5  mo.  18  da, 
at  a  certain  rate  is  $2306.84,  and  for  5  yr.  4  mo.  21  da.  at  the 
same  rate  $2086.78f ;  required  the  principal  and  rate. 

Ans,  Principal, $1515  ;  rate,  7%. 

INTEREST   ON   DAILY  BALANCES. 

6IS3.  Interest  is  allowed  by  some  bankers  on  daily  bal* 
antes  left  in  their  hands,  making  a  settlement  at  the  end  of 
each  month  or  quarter.  Exact  interest  at  4%  is  frequently 
allowed. 

As  each  daily  balance  is  entitled  to  one  day's  interest,  the  sum  of  the 
balances  is  entitled  to  one  day's  interest.  If,  however,  any  of  the  balances 
remain  unclianged  for  several  days,  they  may  be  multiplied  by  the  re- 
spective number  of  days  and  these  products  added  in  the  sum  of  balances 
instead  of  writing  them  for  each  day  separately. 

1.  I  deposited  in  bank  $500,  Aug.  1 ;  $150,  Aug.  7  ;  drew 
out  by  check  $200,  Aug.  15;  deposited  $350,  Aug.  20,  and 
drew  $240,  Aug.  27  ;  what  interest  was  due  Sept.  1,  at  4%  ? 

Solution. — If  $500  was  deposited  Aug.  1,  operatjon. 

and  no  change  made  in  the  balance  till  Aug.  $500  v  6 $3000 

7,  we  have  6  daily   balances  of  $500  each,  ^          g50x8=     5200 

which  is  equivalent  to  $3000  for  one  day;  in       *  450x5 2260 

the  same  manner  $650  for  8  davs  is  equiva-  800x7  =     5600 

lent  to  $5200  for  one  day;  and  we  proceed  560x5=     2800 
thus  till  all  the  balances  for  the  month  are 

found,  when  w3  find  their  sum  to  be  $18,850 ;  Sum  of  balances=  $18850 

but  if  the  interest  for  one  year  is  jj^  of  the  7iyXTjTy=  ttAt 

principal,  for  one  day  it  is  ,iy  of  j^^,  or  18850^-9125  =  2.065+ 
gT*y5  of  the  principal ;  and  -^^^  of  $18,850 
equals  $2,065.    Hence  the  following 

Rule. — Divide  the  sum  of  the  daily  balances  by  9125  to 
find  the  exact  interest  at  ^%, 

Note. — If  we  take  the  year  as  860  days  we  find  the  interest  at  4%  by  di- 
viding by  9000,  since  ^\js  of  t^is  =  -w^  ;  at  6%  by  dividing  by  6000,  for 
'ih  of  tU  =  ^TT ;  at  5%  by  dividing  by  7200,  for  jj^  of  y^^  =  yAir- 

2.  What  is  due  March  1,  1872,  to  a  person  who  deposited 
$1500  Feb.  1,  $750  Feb.  12,  $950  Feb.  19,  and  $2000  Feb. 
28;  and  drew  out  $575  Feb.  5,  $800  Feb.  14,  and  $1000 
Feb.  23  ;  int.  4%  ?  Ans.  $4.08. 

3.  What  would  be  the  balance  due  in  the  previous  exam- 
ple, taking  360  days  to  the  year,  at  4%  ;  what  at  3%  ;  what 
at  5  %  ?  Ans.  $4.14  \  %%X\.  —  \  %^ .V^--  ^ 
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INTEREST   ON   PROMISSORY  NOTES. 

624.  A  Promissory  Note  is  a  written  promise  of  th# 
payment  of  a  certain  sum  of  money  on  demand,  or  at  a  spe 
ciiied  time. 

0!35«  The  Face  of  a  note  is  the  sum  whose  payment  is 
promised.  It  is  written  in  words  in  the  body  of  the  note, 
and  in  figures  at  the  top  or  bottom. 

0!26*  The  Maker  of  a  note  is  the  party  who  promises 
to  make  the  payment.     The  maker  of  a  note  signs  it. 

0!2T.  The  Payee  is  the  party  to  whom  it  is  made  pay- 
able. A  note  is  said  to  be  "made  in  favor  of"  the  payee. 
The  owner  of  a  note  is  called  the  Holder, 

6ISS.  A  Time  Note  is  one  made  payable  at  a  specified 
time.     When  no  time  is  specified,  the  note  is  due  on  demand. 

0!39*  A  Joint  Note  is  a  note  signed  by  two  or  more 

persons  who  are  jointly  liable  for  its  payment. 

630.  A  Joint  and  Several  Note  is  a  note  signed  by 
several  persons  who  are  both  jointly  and  singly  liable  for  its 
payment. 

631«  A  Principal  and  Surety  Note  is  one  in  which 

another  person  becomes  security  for  the  payment  of  the  note. 

A  surety  note  should  be  made  payable  to  the  order  of  the  surety ^  who 
should  indorse  it  on  the  back  to  the  order  of  the  creditor.  It  is  held  that 
a  note  made  in  favor  of  the  creditor  and  indorsed  by  the  surety,  does  not 
bind  the  latter  to  the  payment  of  the  debt. 

632.  A  Negotiable  Note  is  a  note  that  can  be  trans- 
ferred from  one  party  to  another.  A  note  is  negotiable  when 
made  payable  to  "  bearer,"  or  to  the  "  order"  of  the  payee. 

<i33«  The  Indorser  of  a  note  is  the  party  who  puts  his 
name  on  its  back  as  security  for  its  payment.  The  writing 
of  the  name  on  the  back  of  a  note  is  called  an  indorsement. 

It  is  customary  in  raising  money  on  notes,  to  obtain  one  or  more 
responsible  indorsers  as  security  for  its  payment.  If  the  maker  refuses 
to  pay  the  note,  when  due,  each  indorser  is  liable  for  its  whole  amount 
in  tlie  order  of  signing,  unless  he  writes  above  his  name  "  without  re- 
course," or  unless  there  is  an  agreement  between  two  or  more  indorsers  to 
tihare  the  loss. 

When  the  maker  fails  to  pay  a  note,  it  is  usual  for  the  holder  to 
laake  his  demand  on  the  last  lixtbU  indoreei,  "wlio  \)ays  the  note  and 
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then  sets  the  amuunt  from  the  preceding  indorser,  and  so  on,  up  to  the 
first  ladorser.  Tiie  holder,  however,  has  the  option  of  colleciing  tlie 
amount  from  any  liable  indorser,  and  when  so  collected,  all  stLbseqiient 
indorsers  are  released,  the  indorser  who  pays  becomes  the  holder,  and 
may  collect  from  any  prbr  liable  indorser,  and  so  on  up  to  the  first. 

034*  A  note  payable  to  bearer  is  negotiable  without  in- 
dorsement. '  A  note  payable  to  order  must  be  indorsed  by 
the  payee  before  it  is  negotiable.  A  note  not  negotiable 
may  be  transferred  by  assignment. 

635.  An  Indorsement  in  Blank  is  simply  the  name 
written  on  the  back  of  the  note.  A  special  indorsement  is 
ati  order  for  the  note  to  be  paid  to  a  particular  person. 

A  note  should  contain  the  words  "value  received,"  otherwise  the 
holder  may  be  required  to  prove  that  value  was  received.  The  words 
"  without  defalcation"  are  inserted  in  Pennsylvania  to  make  a  note  nego- 
tiable; in  New  Jersey,  "without  defalcation  or  discount;"  and  in  Mis- 
souri, "  negotiable  and  payable  without  defalcation  or  discount.  *' 

If  a  note  reads  "  with  interest,"  it  draws  interest  from  date ;  other- 
wise it  draws  interest  from  the  time  of  maturity  until  paid.  A  note  may 
draw  interest  from  a  particular  time  after  date,  if  so  specified  in  the  note. 
When  no  rate  is  mentioned  the  legal  rate  of  the  State  is  understood. 

636.  The  Maturity  of  a  note  is  its  becoming  legally  due 
at  the  expiration  of  the  time. 

637.  Days  of  Grace  are  the  three  days  allowed  in  some 
States  by  law  for  the  payment  of  a  note  after  the  expiration 
of  the  time  specified  in  the  note. 

In  several  of  the  States,  as  New  York,  Pennsylvania,  New 
Jersey,  Illinois,  etc.,  days  of  grace  are  abolished  by  law. 

When  grace  is  allowed  the  note  matures  on  the  last  day  of  grace. 
When  no  grace  is  allowed  it  matures  at  the  expiration  of  the  time 
specified.  If  a  note  is  payable  on  demand,  it  is  legally  due  when 
presented. 

if  a  note  becomes  legally  due  on  Sunday  or  a  legal  holiday,  it 
must  be  paid  in  most  States  on  the  day  preceding.  In  t^nnsyU 
vauia  it  is  to  be  paid  the  next  business  day  following.  In  Con- 
necticut three  days  grace  is  allowed  on  notes  for  $35  or  more,  but 
not  on  notes  for  a  less  amount ;  if  the  last  day  is  a  legal  holiday 
falling  on  Sunday,  the  note  is  due  on  Monday.  In  Maine  and 
Nebraska,  if  the  last  day  is  a  legal  holiday  falling  on  Monday, 
the  wk  te  is  payable  on  Tuesday  ;  and  in  New  York  a  note  matur- 
ing  on  a  legal  holicay,  or  Monday  observed  as  such  holiday,  is 
payable  the  following  day.  The  following  notation  indicates 
when  a  note  is  nominally  and  legally  due  :  May  6  |  9,  1875. 

Wlien  the  time  of  a  note  is  stated  in  months,  calendar  month.4 
are  meant.  A  note  for  4  months  dated  October  29,  30  ov  ^V^^wN.^ 
expire  on  the  last  day  of  February,  and  )o^  \e^"8^\^  ^w«i^^^<^'^. 

638.  A  Protest  is  a  wriUei\  Aedax^AXcvii  \s^^^^  >s^  "^ 
notary  public,  that  the  maker  of  a  note  \iaa  i^xv^*^  ^^  "^^^  "*" 
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The  neglect  to  protest  a  note  on  matnrity  releases  an  indorser  from  all 
obligation  to  pay  it,  unless  the  words  "  waiving  demand  and  notice" 
appear  above  the  indorser's  signature. 

Tliere  are  two  modes  of  estimating  the  time  between  different  dates. 
The  first  is  by  compound  subtracti(m,  which  is  still  generally  used  in  par- 
tial payments.  Tiie  seccmd  Is  by  determining  the  number  of  entire  years, 
if  any,  and  then  reckoning  the  exact  number  of  days  left.  This  latter 
method  is  now  generally  adopte<l  by  merchants  in  finding  interest  on 
items  in  an  accoiuit,  and  for  calculations  for  short  periods,  and  will  be 
used  in  the  following  examples. 

G39.  The  Principal  Kinds  of  notes  will  now  be  given, 
and  the  calculation  of  the  interest  upon  them  required. 

$195.75.  MiLLERSviLLE,  Pa.,  May  9,  1884. 

For  value  received,  I  promise  to  pay  David  M.  Sensenig, 
or  order,  on  demand,  One  Hundred  and  Ninety-five  -j^ 
Dollars,  without  defalcation.  E.  O.  Lyte. 

1.  tims  itote. 

$750.  Lancaster,  Pa.,  March  15,  1884. 

Sixty  days  after  date,  I  promise  to  pay  N,  0,  Fritter ,  or 
bearer,  Seven  Hundred  and  Fifty  Dollars,  with  interest, 
for  value  received,  without  defalcation,    Frank  Albert. 

What  will  be  due  at  maturity  ?  Ans.    $757.50. 

2.  PRTNCEPAL    AND    SXJRETT    NOTE. 

$4500.  St.  Louis,  Mo.,  June  23,  1885. 

Two  months  after  date,  I  promise  to  pay  H  S.  Snyder, 
or  order,  Forty- five  Hundred  Dollars,  with  interest,  value 
received,  negotiable  and  payable  without  defalcation  or 
discount,  Geo.  W.  Hull. 

Surety,  H.  S.  Snyder. 

What  will  be  due  at  maturity?  Ans.  $4548. 

3.  JOINT    NOTE. 

$675.75.  Newark,  N.  J.,  Jan.  11,  1885. 

On  demand,  for  value  received,  we  promise  to  pay  John 
Arnold,  or  order.  Six  Hundred  and  Seventy-five  -^-^  DoU 
iars,  with  interest,  without  defalcation  or  discount. 

Daniel  Shotwell. 
Edward  Underhill. 
Wb&t  will  be  due  April  11, 1S85?  A\\%,  t^86-5^. 

Note. — Days  of  grace  are  reckoned  on  E.X..  1. 
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4.  JOUTT    ANT)    SEVJLIWAIj    ITOTE. 

$250.25.  Philadelphia,  April  9,  1^88. 

Sia?  months  after  date,  we  jointly  and  severally  promise 
to  pay  Margaret  Wilson^  or  order,  Two  Hundred  and  Fifty 
^^\  Dollars  with  interest,  at  1%,  for  value  received,  without 
defalcation.  Sarah  E.  Hudson. 

Anna  E.  Hartman. 

AVLat  will  be  due  at  maturity?  Ans.  S259.15. 

5.  COMFAmr    ITOTE    FA7ABL.S    AT   A  BAITK. 

$575.  Philadelphia,  June  U,  lb87. 

Ninety  days  after  date,  we  promise  to  pay  to  J,  B.  Lip- 
pincott  &  Co.,  or  order,  at  the  Philadelphia  National  Bank, 
Five  Hundred  and  Seventy-five  Dollars,  for  value  received, 
without  defalcation.  Sower,  Potts  &  Co. 

What  is  this  note  worth,  Nov.  1,  1887?     Ans.  $580.08. 

6.  A  60-day  note  for  $350,  without  interest,  was  paid  in 
90  days;  what  was  the  amount  due?  Ans,    $351.75. 

7.  A  30-day  note  for  $525,  with  interest  from  date,  was 
paid  in  80  days;  what  was  the  amount  due?     Ans.  $532. 

8.  What  is  the  diflference  in  interest  between  a  note  for 
$500,  given  Jan.  1,  1885,  due  2  months  after  date,  and  one 
given  at  the  same  date  for  the  same  amount,  due  60  days 
after  date  ?  Ans.  $0.08|. 

ANNUAL   INTEREST. 

640.  Annual  Interest  is  the  simple  interest  of  the 
principal  and  of  each  yearns  interest  from  the  time  of  its 
accruing  until  settlement. 

641.  Annual  Interest  is  sanctioned  by  some  States 
when  the  note  is  written  "with  interest  payable  annually." 

Simple  Interest  is  not  due  and  cannot  be  collected  until  the  principal 
is  (lue^  unless  the  note  reads  "with  interest  payable  annually."  Anniud 
fnierest  allows  interest  on  the  unpaid  interest  of  a  debt  as  well  as  upon 
the  debt  itself. 

Annwfl  Interest  differs  from  Compound  Interest,  since  in  Compound 
Interest  each  year's  interest  is  added  to  the  principal,  and  the  sum 
forms  a  new  principal  for  the  succeeding  year. 

The  neglect  to  collect   the  annual  interest  on  a  note  drawn  "htv^ 
interest  payable  annually,"  is,  in  some  Slb&X;^,  'c^%'ax^<^  ^a  ^  N»vic«ivQ!»^ 
of  the  contrnct  requiring  it. 
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1.  What  is  the  amount  due  on  a  note  of  $500,  at  6%, 
for  3yr.  6rao.,  interest  payable  annually? 

Solution. — The  interest  on  operation. 

$500  for  one  year  is  $30,  ami  ^^qq^^  ^ ^  ^q  jn^  ^^  1  yr. 

for  3yr.  omo.  18  |>10o;  the  tirst  —    - — --k-   •       r     oi 

year's   interest  is    on    interest  $30x3V  =:;^10o,  int.  for  3Jyr. 

2  yr.  6  mo.  giving   an  interest  ?:^^>^  '^^  =       l2X'  !"^*  ^"  \^}  .*"*• 

of   $4.50;    the   second    year's  ^•^,?/-?!^=       2./ 0,  int.  on  2d  mk 

interest  draws  interest  for  1  vr.  !j>30x .03  =         .90,  int.  on  3d  int. 

6  mo.  amounting  to  ;5!2.70;   the  500.00,  principal, 

third    year's    interest    is    on  $613.10 

interest  6  mo.,  drawing  $0.90; 

idding  the  interest  on  tlie  principal,  the  interest  on  each  year's  interest, 
and  the  principal,  we  have  $613.10  as  the  amount  due.     Hence  ine 

Rule. — I.  Find  the  inter ent  an  the  principal  for  the 
given  time  and  rate ;  also  find  the  interest  on  each  yearns 
interest  for  the  time  it  has  remained  unpaid. 

II.    The  sum  of  these  interests  will  be  the  annual  interest, 

and  thixj  added  to  the  principal^  will  he  the  am,ount  due. 

Note. — The  work  may  be  shortened  by  calculating  the  interest  for  the 
sum  of  the  times  during  which  the  different  interests  remain  unpaid. 

2.  What  is  the  interest  due  on  a  note  for  $750,  dated  Sept. 
3,  1883,  interest  payable  annually,  if  no  payments  are  made 
until  March  1,  1887  ?  '  Ans.  $169.50. 

3.  How  much  is  due  Sept.  1, 1889,  on  a  note  for  $720,  dated 
May  13,  1885,  interest  payable  annually  at  7%,  if  the  yearly 
interest  has  been  regularly  paid  ?  Ans,  $735.54. 

4.  $875.00.  Detroit,  May  9,  1885. 
For  value  received j  I  promise  to  pay  to  R.  T.  Coniwell,  Esq., 

or  order,  (m  demand,  Fight  Hundred  aiid  Seventy-five  Dollars, 

interest  payable  annually, 

J.  Willis  Westlake. 

What  was  the  amount  of  the  note,  Jan.  18,  1889,  no  pay- 
ments having  been  made?  Ans.  $1085.66. 

6.  $1000.  Trenton,  Jan.  11, 1879. 

For  value  received,  I  promise  to  pay  to  the  order  of  Charles 
Parker,  on  demand,  without  defalcation  or  discount,  One  Thous- 
and Dollars,  with  interest  annually, 

Samuel  Decou. 

What  was  due  on  this  note  March  17,  1883,  if  the  interest 
was  paid  up  for  the  first  two  years *^  Au%.  %11^5.TS. 
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PARTIAL   PAYMENTS. 

642.  Partial  Pajnnents  are  payments  in  part  of  notes 
or  other  obligations  bearing  interest. 

643.  An  Indorsement  is  an  acknowledgment  of  a  pay- 
ment, written  on  tbe  back  of  the  obligation,  stating  the  time 
and  amount  of  the  payment. 

The  term  Indorsement  is  used  in  different  business  papers,  in  each 
case  meaning  a  writing  on  tlve  bauik,  from  tlie  Latin  dorsum^  the  back. 

1.  The  writing  of  the  name  on  the  back  of  a  check,  draft,  note,  etc., 
is  called  a  General  Indorsement^  or  an  indorsement  in  blank, 

2.  A  Special  Indorsement  directs  the  obligation  to  be  paid  to  some 
particular  person  or  to  his  order. 

3.  An  acknowledgment  of  the  payments  on  a  note,  written  on  the 
back  of  it,  is  also  an  indorsement.  The  person  holding  the  obligation 
signs  his  name  to  this  statement  as  a  receipt. 


:•  The  Supreme  Court  of  the  United  States,  and 
nearly  all  the  Slates,  adopt  the  following  rule  for  partial 
payments,  called 

THE  UNITED  STATES  RULE. 

I.  Find  the  amount  of  the  principal  to  the  time  of  the 
first  payment ;  if  the  payment  equals  or  exceeds  the  inter- 
eM,  subtract  the  paymeivt  from  the  amount  and  treat  the 
remainder  as  a  new  principal, 

II.  If  the  payment  is  less  than  the  interest,  find  the 
amount  of  the  same  principal  to  the  time  when  the  sum  of 
the  payments  shall  equal  or  exceed  the  interest  due,  and  sub- 
tract the  sum  of  the  payments  from  the  amount. 

III.  Proceed  in  the  same  manner  with  the  remaining 
payments  until  the  time  of  settlement. 

Notes. — 1.  This  rule  is  founded  upon  the  decision  of  Chancellor  Kent. 
The  principle  is,  that  neither  interest  nor  payment  shall  draw  interest.  It 
has  been  adopted  by  nearly  all  the  States — New  Hampshire,  Vermont,  and 
Connecticut  being  the  principal  exceptions. 

2.  Although  the  whole  aim  of  legislative  enactments  and  judicial  deci- 
sions on  the  subject  of  interest,  has  been  to  disallow  compound  iutert-si, 
yet  this  very  rule  really  maintains  the  principle  of  compound  interest  in  a 
most  objectionable  «*hape,  for  it  makes  interest  due  (not  every  year,  as 
compound  interest  generally  does)  as  often  as  a  payment  is  made:  by 
which  it  happens  that  tlie  more  prompt  the  debtor  is  in  payiuir  installments, 
the  greater  his  loss.  Thus,  supposing  the  note  to  be  for  $.5000  at  6  per  cent., 
and  that  the  debtor  pays  $25  every  month,  at  the  end  of  the  year  he  still 
owes  $5000.  If  he  had  invested  the  $25  every  month,  he  would  have  Uad 
at  the  end  of  the  year  $308.25  towards  the  va.yiicv<i\i\.,\s\vN\^\Xv^  \\>\fc\^^\.«^ 
the  debt  would  only  be  $300,  leaving  t\\e  ae\\X.  ^\Vi^\.ir),*\\i^\fta.QL  <aS.\^^5»^. 
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1.  $1000.  Harrisburo,  Jan.  1,  1870. 

Three  years  after  date  I  promise  to  pay  Joseph  Hughes^ 
or  order^  for  value  received^  One  Thounand  Dollars^  with 
interest  from  date^  without  defalcation. 

William  Wilson. 

Indorsements:  July  8,  1870,  $200.    Oct.  1,  1870,  $10.    Sept.  25,  1871, 

$100.     March  18,  1872,  $400. 

What  was  due  Jan.  1,  1873? 


OPERATION. 

Prmcipal,  or  face  of  note,         .... 
Interest  to  Ist  payment,  6  mo.  7  da.. 

Amount  due  July  8,  1870, 

Amount  to  be  deducted,     .... 

Balance  due  after  Ist  payment. 
Interest  on  balance  to  second  payment,  $11.50. 
The  payment  being  less,  is  not  deducted. 
Interest  from  1st  payment  to  3d  payment, 

Amount  due  Sept.  25,  1871,     .... 
Sum  of  second  and  third  payments  to  be  deducted, 

Balance  due  after  third  payment, 
Interest  on  balance  to  fourth  payment. 

Amount  due  March  18,  1872, 

Amount  to  be  deducted,     .... 

Balance  due  after  fourth  payment. 

Interest  from  March  18,  1872,  to  Jan.  1,  1873,     . 

Balance  due  on  settlement,  Jan.  1,  1873, 

2,  $5600.  Philadelphia,  Jan 


$1000  00 
31  17 

1031  17 
200  00 

831  17 


60  54 

891  71 
110  00 

781  71 
22  54 

804  25 
400  00 

404  25 
19  07 


423  32 

11,  1871. 

For  value  received,  on  demand,  I  promise  to  pay  James 

JoneSf  or  order,  Five  Thousand  Six  Hundred  Dollars,  with 

interest,  without  defalcation,  John  Smith. 

Indorsements:  May  19,  1871,  $500;   Sept.  5,  1871,  $200;  Jan.  1, 

1872,  $300  ;  April  17,  1872,  $150. 

What  is  due  Jan.  11,  1873  ?  Ans,  $5060.54. 

3.  $2000.  Minneapolis,  Aug.  9,  1872. 
For  value  received,  sixty  days  after  date,  I  promise  to 

pay  William  B.  Dana  &  Co.,  Two  Thousand  Dollars. 

Philip  Butler. 

Indorsements:  Dec.  7, 1872,  $50 ;  March  11, 1873,  $35;  July  25, 1873, 
$150 ;  Oct.  12,  1873,  $200  ;  Jan.  1,  1874,  $500. 

What  is  due  March  25,  1874  ?  Ans,  $1248.47 

4.  $3870.  New  York.  Oct.  9,  1873. 
Thirty  days  after  date,  for  value  rece.i\3c4, 1  pTom\§,e  v,t» 
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pay  F,  Ibachf  or  order ,  without  defalcation^  Three  Thou- 
sand Eight  Hundred  and  Seventy  Dollar s^  with  interest  at 
5%.  S.  C.  Delap. 

Indorsements:  Jan.  1,  1874,  $500;  June  11,  1874,  $750;  Oct.  9, 1874, 
$1000;  Jan.  1,  1875,  $250;  April  10,  1875,  $25;  June 
9,  1875,  $250. 

What  is  the  amount  due  Dee.  9,  1815  ?   Ans.  $134t.l3. 

5.    $4000.  MiLLEBSVILLE,  Pa.,  JuLY  11,   I8lf0. 

Three  months  after  date,  I  promise  to  pay  Annie  Lyle, 
or  order f  for  value  received^  Four  Thousand  Dollars^  with- 
out defalcation.  Jane  E.  Leonard. 

Indorsements:  Dec.  1, 1870, $25;  March  10, 1871, $50;  July  14, 1871, 
$180;   Jan.  1,  1872,  $200;  April  25,  1872,  $450;  Sept. 
'  9,  1872,  $75 ;  Jan.  1,  1873,  $300. 

The  note  was  paid  Sept.  9,  18T3 ;  what  was  then  due? 

Ans.  $3357.09. 

MERCHANTS'  RULE. 

645.  Business  men  generally  settle  notes  and  interest 
accounts,  payable  within  a  year,  by  the  following 

Rule. — I.  Find  the  amount  of  the  principal  till  the  time 
of  settlement y  and  also  the  amount  of  each  payment  till  the 
time  of  settlement. 

IL  Subtract  the  amount  of  the  payments  from  the  amount 
of  the  principal ;  the  remainder  will  he  the  balance  due. 

Notes. — 1.  In  some  States  merchants  apply  this  rule  to  notes  for  longer 
periods  by  reckoning  the  interest  for  1  year,  and  subtracting  from  the 
amount  the  amounts  of  the  payments  made  during  the  year,  and  taking 
this  balance  for  a  new  principal. 

2.  As  the  periods  in  these  notes  are  all  short,  the  interest  should  be  cal- 
culated for  the  number  of  days. 

1.  A  note  was  given  for  $5t60,  Sept.  20,  1869. 
Indorsements:  Nov.  30,  $200;  Feb.  2,  1870,  $600;  April  9,  1870, $350. 

What  was  due  Sept.  20,1870  ?  Ans.  $4913.23. 

2.  A  note  was  given  for  $2500,  April  1,  1873. 

Indorsements:  June  11,  $200;  July  5,  $100;  Sept.  9,  $450. 
What  is  due  6  mo.  from  date,  at  7%  ?       Ans.  $1830.96. 

3.  A  note  was  given  for  $1750,  May  11,  1870. 

Indorsements:  July  1,  $100:  Aug.  12,  $45 ;  Sept.  30,  $60;    Jan.   19 

1871,  $250 ;  March  10,  $150. 

What  was  due  April  1, 1871,  at  8%^  Atv^AVL^'^5^^^^ 

NoTE.—For  Cooneoticut  and  Vexixioiit  i"a\ea,%^^  ^^j^^^  V», 
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TRUE  DISCOUNT  AND  PRESENT  WORTH. 

647*  Discount  is  an  allowance  made  for  the  payment 

of  money  before  it  becomes  due. 

648«  The  Present  Worth  of  a  debt  payable  at  a  future 
lime  without  iuterest,  is  such  a  sum  as,  beiug  on  interest  for 
the  time,  at  a  certaiu  rate,  will  amount  to  the  debt. 

ft 

649«  The  True  Discount  is  the  difference  between  the 
face  of  the  debt  aud  the  present  worth. 

Notes. — 1.  The  true  discount  is  the  interest  on  the  present  worth  for  the 
time  between  the  payment  of  thu  debt  and  the  time  it  becomes  due. 

2.  The  present  worth  corretipouds  to  the  principal,  discount  to  interest, 
and  debt  to  amount ;  hence  the  cases  may  be  solved  as  in  Interest. 

1.  What  is  the  present  worth  of  $375,  due  3  yr.  3  mo. 
hence,  without  interest,  money  being  worth  6%? 

Solution. — The  amount  of  $1  for  operation. 

3  yr.  3  mo.  at  6 % ,  is  $1.195 ;  hence  tlie  ^o.06  X  3^  =     $0,195 

present  worth  of  $1,195   is  $1,  and  Amount  of  $1  =     $1,195 

the  present  worth  of  $375  is  as  many  1)375  _^  1,195  —  $313.81 
times  $1  as  $1,195  is  contained  times 
\n  $375,  which  is  $313.81.    Hence  the 

Rule. — L  Divide  the  given  sum  by  the  amount  of  $1  for 
the  given  rate  and  time^  to  find  the  present  worth. 

II.  Subtract  the  present  worth  from  the  given  sum^  to 
find  the  discount. 

Note. — When  several  payments  are  made  without  interest,  liud  the 
present  worth  of  each  separately,  aud  take  their  sum. 

2.  What  is  the  present  worth  of  $460.50,  due  3yr.  9  mo. 
18  da.  hence,  without  interest,  at  6%  ?  Ans,  $375. 

3.  What  is  the  discount  of  $401.05  due  5yr.  7  mo.  11  da. 
hence,  without  interest?  Ans.  $101.05. 

4.  Which  is  worth  most,  $320  in  12  months,  $310  in  6 
months,  or  $300  cash,  money  worth  8%  ?      Ans,  The  last. 

5.  Which  is  the  more  profitable,  to  buy  pork  at  $15  a 
barrel,  at  3  months,  or  at  $16  at  6  months,  money  being 
worth  10%  ?  Ans.  First,  $0.60. 

6.  A  merchant  buys  $2500  worth  of  goods  on  6  months 
credit,  but  settles  his  account  by  paying  cash,  a  discount 
of  5%  on  the  face  of  the  bill  being  taken  off.  What  waa 
the  discount,  and  how  much  does  it  exceed  true  discount, 
money  worth  6%  f    Ans.  Discount,  ^ISib*,  ^i.ec^'?..  %"^'=L.\^ 
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7.  August  9,  1875,  I  received  a  note  for  $700  at  &%,  due 
Feb.  12,  1876,  with  interest;  what  will  it  be  worth  Oct.  8, 
1876,  if  discounted  at  8%  ?  Ans,  $702,004. 

8.  A  merchant  having  bought  a  bill  of  goods,  is  offered 
the  choice  between  paying  the  amount,  $560,  in  60  days,  or 
paying  cash  at  a  discount  of  3%;  which  will  be  more 
profitable,  money  worth  10%  ?         Ans.  The  latter,  $7.62. 

9.  What  will  be  gained  by  borrowing  money  at  6%  to 
pay  a  debt  of  $5800,  due  6  months  hence,  if  5%  is  deducted 
from   the  face  of  the  bill,  for  cash?  Ans.  $124.70. 

10.  A  merchaut  had  two  notes  to  pay,  one  for  $435.10, 
due  Jan.  1,  1873,  the  other  for  $769.84,  due  March  11,  1873; 
how  much  money  did  it  take  to  pay  both  notes  Sept.  19, 
1872,  money  being  worth  7%  ?  Ans.  $1171.26. 

11.  Mr.  Baker  bought  a  house  and  lot  March  25,  1871, 
for  which  he  was  to  pay  $2700  on  October  1  following,  and 
$2500  Jan.  1, 1872.  If  a  discount  of  8%  was  allowed  for  an 
immediate  payment,  how  much  would  he  gain  by  borrowing 
the  amount,  money  being  worth  7%,  and  how  much  must  he 
borrow?  -4ns.  Gain,  $198.11;  sum  borrowed,  $4784. 

BANK  DISCOUNT  AND   BANKING. 

650«  A  Bank  is  an  incorporated  institution  which  re- 
ceives and  loans  money,  or  furnishes  a  paper  circulation. 

651«  A  Bank  of  Deposit  is  one  which  receives  money 
or  its  equivalent  on  deposit,  to  be  drawn  at  the  order  of  the 
depositor. 

652.  A  Bank  of  Discount  is  one  that  lends  money, 
discounts  notes,  drafts,  etc. 

6o3«  A  Bank  of  Issue  is  one  that  makes  and  issuer 
notes  to  circulate  as  money. 

Some  banks  unite  two  and  some  all  of  these  offices.  A  Satnngs  Bank 
is  one  that  receives  small  sums  on  deposit,  and  pays  interest  to  its 
depositors. 

A  bank  is  generally  managed  by  a  board  of  directors,  elected  by  the 
stockholders  ;  the  principal  officers  are  the  president  and  cashier, 

054«  A  Check  is  an  order  on  a  bank,  giveii  \y^  <5k\5ife  'oJv \vs6. 
depositors,  to  pay  a  certain  amo\iTi\.  \.o  «»omfe  ^^\^<^x^  ^^"^  "^^"^ 
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order,  or  to  bearer.     Checks  drawn  **to  order"  must  be  in- 
dorsed  when  presented  for  payment. 

6SS«  Bank  Discount  is  the  interest  on  the  face  of  the 
note  from  the  day  of  discount  to  the  day  of  payment. 

656.  The  Proceeds  or  Avails  of  a  note  is  the  sum 
received  for  it  when  discounted,  and  equals  the  face  less  the 
discount. 

657.  The  Term  of  Discount  is  the  number  of  days 
from  the  day  of  discount  to  the  day  of  maturity  of  the  note. 

When  a  person  wislies  to  borrow  money  at  a  bank,  he  presents  a  nutei 
either  made  or  indorsed  by  himself,  payable  at  a  certain  time,  and 
receives  for  it  a  sura  equal  to  the  face  less  tlie  interest  for  the  time  the 
note  has  to  run.  This  amount  is  withheld  by  the  bank  in  consideration 
of  advancing  money  on  the  note  prior  to  its  maturity. 

In  Pennsylvania,  l)t  lawaie,  Maryland,  Missouri,  and  the  Dis- 
trict of  Columbia,  the  Uay  of  discovnt  and  day  of  payment  are 
both  reckoned.  A  60-day  note  in  i'ennsylvania  would  be  dis- 
counted IV  r  (51  days,  iu  the  others  named  (grace  being  allowed) 
for  64  days. 

iSotes  are  often  discounted  by  business  men,  who  deduct  the  interest 
for  a  given  time,  with  or  without  grace,  as  may  be  agreed  upon.  Tiie 
rate  b  fixed  by  agreement,  and  is  usually  greater  than  the  legal  rate.  A 
check  should  always  be  dated  on  the  day  it  is  issued. 

65S.  The  difference  between  bank  discount  and  true 
discount  may  be  shown  as  follows: 

If  I  take  my  note  tp  the  bank  promising  to  pay  $106  at  the  end  of 
1  year,  to  get  it  cashed,  by  the  method  of  true  discount  I  would  receive 
1100 ;  but  by  the  method  of  bank  discount,  not  counting  days  of  grace, 
I  would  receive  $106  minus  the  interest  of  $106  for  one  year,  that  is, 
$106— $6.36 =$99.64. 

CASE   I. 

OSO*  Given,  the  face  of  the  note^  the  rate,  and  the 
titne,  to  find  the  discount  and  the  proceeds, 

!•  What  is  the  present  worth,  or  proceeds,  of  a  note  for 
$850,  due  in  18  days,  discounted  at  a  bank  at  6%  ? 

eoT.TTTTON.— The  interest  on  $350  operation. 

for  18  da.   is  $1.05,  which  is  the  $850        18+6=8 

discount.      Subtracting  this   from  .003 

$8o0,  we  have  the  proceeds,  which  $i~056 

equal  $348  95.  |35ol$1.05=«348.95. 

Rule. — I.  Find  the  interest  on  the  face  of  the  note  for  the 
time ;  the  result  will  be  the  discount. 
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11.  Suhtiact  the  discount  from  the  /ace,  to  find  the  present 
worth, 

NoTB. — The  discount  of  an  interest-hearing  note  Is  computed  on  the 
amourU  of  the  note  at  its  maturity. 

2.  A  note  for  $375,  due  in  60  days,  was  discounted  at  a  bank 
at  7%;  what  was  the  discount?  Arts,  $4,375 

3.  A  note  for  $750,  at  96  days,  was  discounted  at  a  bank  at 
7%;  required  the  proceeds.  J.nd.  $736. 

4.  Required  the  difference  between  the  true  discount  and 
the  bank  discount  of  a  note  for  $3500,  due  in  1  yr.  10  mo.,  at 
6%,  without  grace.  Ans.  $38.15. 

6.  Sold  goods  to  the  amount  of  $475.60,  for  which  I  re- 
ceived a  note  at  6  mo.;  wishing  the  money,  I  got  it  discounted 
in  30  days.     What  were  the  proceeds  ?  Arts,  $463.71 

Find  the  time  when  due,  the  time  to  run,  the  discount, 
and  the  proceeds  of  the  following  notes : 

6.  $745iV(r.  Cincinnati,  Nov.  12, 1887. 
Four  months  after  date,  for  value  received,  I  promise  to  pay 

James  Curry,  or  order.  Seven  Hundred  and  Forty-five  rV^  Dol- 
lars. John  Vanhorn. 

Discounted  Dec.  2,  1887,  at  6%. 

Ans,  Due  March  12|15,  1888;  104  da.  to  run;  proceeds, 
$732.92 ;  discount,  $12.93. 

7.  $625.  Lancaster,  June  19,  1883. 
Six  months  after  date,  I  promise  to  pay  J.  F.  Montgomery,  or 

order,  f(yr  value  received.  Six  Hundred  and  Ticentyfive  Dollars, 
without  defalcation.  T.  R.  Baker. 

Discounted  July  29,1883,  at  6%. 

Ans.  Due  Dec.  19 ;  144  da.  to  run ;  proceeds,  $610;  dis- 
count, $15. 

8.  $1075.  Newark,  July  11, 1889. 
Three  months  after  date,  for  value  received,  I  promise  to  pay 

John  Stratton,  or  order.  One  Thousand  and  Seventy  five  Dollars, 
with  interest,  without  defalcation  or  discount. 

G.  H.  Richards. 
Discounted  Sept.  1,  1889,  at  7%. 
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A 118.  Due  Oct.  11,  1889;  40  days  to  run;  proceede, 
$1082.99  ;  discount,  $8.49. 

»•  $2000.  Detroit,  Sept.  9,  1887. 

Six  months  after  date,  for  value  received,  I  promise  to  pay 
John  Winchell,  or  order,  Two  Thousand  Dollars,  with  inter- 
est (dl%.  Edward  Winthrop. 

Discounted  Nov.  11,  1887,  at  10%. 

Ans.  Due  March  9  1 12,  1888;  122  da.  to  run;  proceeds, 
$2001.72;  discount,  $70.22. 

CASE   II. 

660.  Giveftf  the  rate,  the  time,  €ind  the  proceetlM  or 
discount,  to  find  the  face, 

1.  I  wish  to  borrow  $600  from  a  bank;  for  what  must  I 
give  my  note  at  60  days,  discount  at  6%  ? 

Solution. — We  find  the  interest  of  $1  operation. 

for  60  days,  and  subtract  it   from  $1,  j.OO 

wliich  gives  the  proceeds  of  $1.     If  lor  *oi 

overy  $1  in  the  face  of  the  note,  the  pro-  — ^x               , 

ceeds  are  $0.99,  to  give  $610  proceeds  will  '^^^  proceeds  of  ^1. 

require  as  many  times  one  dollar  as  $0.99  ^^^0  _  ^f,,^    ^  , 

is  contained   times   iu  $600,   which  aie  .99  ~  ^^^^-^^-f- 
86U6.06+. 

Rule. — Divide  the  given  proceeds  by  the  proceeds  of  %\ 
for  the  given  time  and  rate ;  or,  divide  the  discount  by  the. 
discount  o/$l. 

2.  What  is  the  face  of  a  note  at  90  days,  the  proceeds  of 
which,  when  discounted  at  f.%,  are   $443.25?  Ans.  $450. 

3.  For  what  sum  must  a  note  be  drawn  at  30  days,  to  pro- 
duce $2000  when  discounted  at  5%  ?  Ans.  $2008.37. 

4.  A  broker  buys  a  90-day  note  for  $11,811.  less  than  the 
face;  what  was  the  face,  discount  7%  ?  Ans.  $675. 

5.  Required  the  difference  between  the  present  worth  and 
proceeds  of  $500  due  in  4  yr.  2  mo.,  at  6%  Ans.  $25. 

6.  Mr.  Bowman  buys  goods  in  Philadelphia  to  the  amount 
of  $5764.75,  and  gives  in  payment  his  note  for  3  months  at 
A\%  ;  what  must  be  the  face  of  the  note?    Ans.  $5830.34. 

7.  I  give  a  90-day  note  to  pay  a  debt  of  $657.50 ;  what 
must  be  the  face  of  the  note  to  yield  the  exact  debt  if  dis- 

counuta  us,  ^/o  u  month,  allowing  graced       Aua.  %1^^.\i^. 
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8.  John  Johnson  discounted  at  the  Bank  of  Commerce,  a 
note  made  by  p]dward  Wilson,  having  120  days  to  mn;  he 
obtained  $645.75;  what  was  the  face  of  the  note,  discount 
being  1^%  a  month  ?  Ans,  $686.97. 

CASE  III. 

001.  Given f  the  face,  tlie  rate,  and  the  jproceeds  ot 
the  discount,  to  find  the  titne, 

!•  The  proceeds  of  a  note  for  $500,  discounted  at  6%, 
were  $492.50 ;  what  was  the  time  ? 

Solution.— We  subtract  $492.50  operation. 

from  $500,  which  gives  the  discount,  *5qq  qq 

$7.50.     If  on  $r)(iO  the  discount  is  492  50 

$7.50,  on  $1  the  discount  will  be  as  — ^  '^ 

many  dollars  as  $5(0  is  contained  ^      *?.00,  discourt. 

times  in  |7.50,  or  $0,015      The  d is-    Ji??=.oi5,  discount  on $1. 

count  on  $1  for  1  day  is  J  of  a  mill,      oOU  ' 

therefore  the  note  was  given  for  as     .015  _  q/x  j 

many  days  as  J  of  a  mill  is  con-  TiTjni.  ~       "^.y^* 

tained  times  in  $0,015,  or  90  da>».   '"    « 

Hence  the  time  was  90  days. 

Rule. — Divide  the  discount  on  $1  by  the  ivferepf  nv  $1  for 

one  day. 

Note. — If  grace  ia  allowed,  we  subtract  3  days  from  the  quotient. 

2.  A  broker  buys  a  note  for  $20  discount,  the  face  being 
$2000 ;  ^hat  was  the  time,  discount  6%  ?  Ans.  60  da. 

3.  A  merchant  sold  a  consignment  of  tobacco  for  $7470, 
and  received  a  note,  which  being  discounted,  yielded 
87245  90  ;     what  time  had  the  note  to  run  ?      Ans.  6  mo. 

4.  Mr.  Martin,  owing  $1000,  gave  a  note  for  $1038.96. 
which  was  discounted  at  1  J%  a  month  ;  how  long  had  it  to 
run  if  the  proceeds  discharged  the  debt?       Ans.  90  days. 

5.  A  note  dated  April  1,  1874,  was  discounted  May  10  at 
8%  ;  the  face  was  $745.85,  and  the  proceeds  $736.73  ;  how 
long  did  it  run  after  it  w  as  discounted  ?        Ans.  55  days. 

6.  A  note  dated  Jum  11th,  1874,  at  3  months,  was  dis- 
counted at  a  Baltimore  bank  at  7  %  ;  the  face  of  the  note  was 
S600,  and  the  proceeds  $591.13;  what  was  the  date  of  dis- 
count,  grace  being  allowed  ?  Aiis.  July  1st. 
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V.  An  interest-bearing  note  dated  July  1st,  1873,  at  6 
months,  was  discounted  at  5%  ;  the  face  of  the  note  wiis 
$750,  and  the  proceeds  $7G2.44 ;  what  was  the  date  of  dis- 
count ?  Ans.  October  30. 

8.  An  interest-bearing  note  for  $1200  at  10%,  dated  Cleve- 
land, March  1,  1877,  at  3  months,  was  discounted  in  New 
York  at  6%,  the  proceeds  being  $1226.53;  what  was  the  date 
of  discount,  allowing  grace?  Ans,  May  10. 

CASE  IV.  ^ 

662*   Given,  the  face,  the  time,  and  the  proceeds  or 
the  discount f  to  find  the  rate, 

1.  The  proceeds  of  a   note   for   $800,  at  60  days,  are 

S7J)0.66i  ;  what  is  the  rate? 

Solution. — We  find  as  in  Cape  III.,  the         operation. 

discount  on  $1  for  the  given  time  and  re-  $8()0.00 
quired  rate  to  be  SO.Oli;  the  discount  on       790.66S 

$1  for60i1ays  at  1%  is  |  of  a  cent;  hence  — oTooi  H{a/,/*««f 
the  required  rate  will  be  as  many  times  ^•*^*'»»  ancouni;. 

1  %  as  ^  of  a  cent  is  cuu turned  times  in  f'33^ 

90  01  J,  which  is  7%.  800   "  •^^«* 

.01Jh-.00J=7. 

tLTjle,  — Divide  the  discount  on  $1  by  the  interest  on  $1  at 
1  %  for  the  given  time. 

2.  A  broker  buys  a  note  for  $20  discount  at  60  days,  the 
face  being  $2000  ;  what  was  the  rate?  Ans.  6>fe. 

B.  A  merchant  buys  goods  to  the  amount  of  $2500,  and  to 
pay  for  them  gets  his  note  for  90  days  discounted  at  a  bank  ; 
if  the  face  is  $2596.875,  w4jat  is  the  rate?  Ans,  li%  a  mo. 

4,  A  note  dated  July  18,  1876,  at  3  months,  was  discounted 
at  a  Philadelphia  bank  Aug.  1 ;  the  face  was  $600  and  the 
proceeds  $590.78^;  what  was  the  rate?  Ans.  7%. 

5.  A  note  bearing  interest  at  6%,  dated  Aug.  13,  1876,  at 
6  months,  was  discounted  November  3 ;  the  face  of  the  note 
was  $1150,  and  the  proceeds  $1168.475  ;  what  w^as  the  rate 
of  discount  ?  Ans.  b%, 

CASE  V. 

003.  Given,  the  rate  of  hank  discount  to  find  the 
corresponding  rate  of  interest,  or  tJie  rate  of  interest 
to  find  the  corresponding  rate  of  bank  discount. 
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1.  If  I  discount  a  60-day  note  at  2%  a  month,  what  rate 

of  interest  do  I  obtain  for  my  money  ? 

Solution. — The  discouut  r.«««  *  mr/M^r 

on  $1  for  the  gi  ven  time  and  operation. 

rate  is  $0.04;  and  the  pro-  -04,  mt.  on  $1. 

ceeds  of  $1  are  $0.96,  which  l-j^ 

is  the  amount  paid  for  $1  -^ 

of  the  face.    The  interest  on  

$1   for  60  days   at    1%    is  .96,  proceeds  of  $1. 

$0.00^,  and  on  $0.96  is  .96         .96X*C0^=.0016,  int.  atl%. 

times    $0.00J,    or     $0.0016.         .04-j-.0016=.25. 

Dividing  $0.04,  the  discount 

at  the  required  rate,  by  $0.0016,  the  interest  at  1%,  we  have  25^, 

the  rate  of  interest. 

2.  At  what  rate  must  I  discount  a  30-day  note,  to  obtain 
2  %  interest  a  month  ? 

Solution. — The  amount  of  $1  for  the  operation. 

given  time  and  rate  is  $1.(»2,  which  is  .02  int.  on  $1. 

the  face  of  a  note  costing  $1.     The  dia      j  qq 
count  on  1 1  at  1%   is  $0.0008jl,  ^^^  on      *02 
81.02  it  is  $11.00085.      Dividing  $0.02,    J«. 
the   discount  at  the  required  rate,  by    ^  02  amt.  of  $1. 
$0.00085,  the  discount  at  1%,  we  have     / noKy  nnnoi       fMu\QK 
2V.  the  rate  of  discount.  !62i>f6Sot'tr23'r 

Rule  I. — Find  the  discount  and  the  proceeds  of  $1  for  the 
given  time,  and  divide  the  discount  by  the  interest  of  the  pro- 
ceeds at  1  per  cent,  for  the  same  time. 

Rule  II. — Find  the  interest  and  the  amount  o/$l  for  the 
given  time,  and  divide  the  interest  by  the  discount  of  the 
amount  at  1  per  cent,  for  the  same  time. 

3.  A  note  payable  in  60  days  is  discounted  at  1J%  a 
month  ;  what  is  the  rate  of  interest?  Ans.  18S^. 

4.  What  is  the  rate  of  interest  on  a  note  for  8  mo.  at  a 
discount  of  10,  12  or  15%  ?  Ans.  lOJ,  IS^V,  16§. 

5.  Wliat  rate  of  interest  is  paid  ^hen  a  note  running  1 
year  is  discounted  at  6,  7,  8,  9,  or  10%  ? 

Ans.  6H,  711,  8if,  9fh  Hi 

6.  At  what  rate  should  a  90-day  note,  with  grace,  be  dis- 
counted to  produce  10%  interest?  Ans.  OfffH. 

7.  At  what  rate  should  a  6  month  note  be  discounted  to 
produce  1,  IJ,  2,  or  3  %  a  month? 

Ans.  WW,  1^^^^,^\\.^^\V 
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SAVINGS  BANK  ACCOUNTS. 
664.  Savings  Banks  are  institutions  intended  to 
ceive  on  deposit  small  sums  of  money,  and  to  return  the  same 
with  a  moderate  interest  at  some  future  time. 

SaviiigH  bauks  differ  from  other  bauks  iu  paying  interest  on  all 
sums  ol  money  above  a  certain  amount  (generally  $1  or  $5)  de- 
posited with  them,  and  iu  adding  this  interest,  it  not  withdrawn, 
to  the  principal  and  paying  interest  on  the  amount.  They,  there- 
fore, pay  compound  interest. 

A  savings  bank  furnishes  each  depositor  with  a  book,  iu  which 
are  recorded  the  sums  deposited  and  the  sums  drawn  out.  It  is 
customary  to  add  to  each  depositor's  account,  at  the  end  of  a  tixed 
term,  the  interest  due  on  his  deposits  for  that  term. 

Interest  is  usually  declared  Jan.  1st  and  July  1st  of  each  year, 
and  when  declared  is  carried  at  once  to  the  credit  of  each  deposi- 
tor and  is  then  entitled  to  interest.  No  interest  is  allowed  on 
the  fractional  parts  of  a  dollar,  nor  on  any  sum  withdrawn  pre- 
vious to  the  first  day  of  January  or  July  for  the  time  it  may  have 
been  on  deposit  since  the  last  dividend. 

Deposits  are  generally  paid  on  demand,  though  the  banks  le- 
serve  a  right  to  require  notice.  In  some  banks  deposits  begin  to 
draw  interest  at  the  beginning  of  each  quarter  ;  in  others,  on  do- 
posits  made  on  or  before  the  fir^t  of  any  mouth,  interest  is  al- 
lowed from  the  first  day  of  that  month. 

Note. — In  the  following  examples  interest  will  be  reckoned  both 
from  the  beginning  of  the  quarter  and  the  first  of  the  month.  The 
rate  will  be  4%,  unless  otherwise  stated.  Notice  that  4%  per  annum 
is  2%  for  6  mo.,  1%  quarterly. 

EXAMPLES  FOR  FRACTICE. 

1.  The  following  deposits  were  made  in  a  savings  bank  : 
Dec.  10,  1895,  $100;  Feb.  12,  1896,  $25;  Mar.  20,  $15 ; 
May  16,  $50;  Aug.  30,  $70;  what  amount  was  due  Jan.  1, 1897? 

Solution. — As  the  account  is  to  operation 

be  balanced  semi-annually,  if  the 

interest  is  reckoned  from  the  Ist  of    *1^»2,      arat.  of  1st  deposit- 
the  quarter,  the  tirst  deposit,  $100,        40.40        |*      2d        *^ 
jm  July  1,  is  on  interest  6  mo.,  and        ^^  ^" 

amounts  to  $1(2;  the  second  and     ~~~      ~ 
third,  $254-$15=$40,  are  on  interest    $192.40,  bal.  due  July  1. 
3  mo.,  and  amount  to  $40.40;  the    $196.24,  amt.  of  bal. 
fourth,    $50,    draws    no    interest.        70.70,         '*    4th  dep. 

Hence  the  balance  due  July  1   is 

$193.40,  which  on  Jan.  1  amounts  to    $260.94,  bal.  due  Jan.  1. 

$196.24  ;  the  tifth  deposit  amounts 

to  $70.70,  and  the  balance  due  Jan.  1,  1897,  is  $266.94. 

If  the  interest  is  reckoi.ed  from  the  first  of  the  month,  the  first 
deposit  is  on  interest  6  mo.  as  before,  and  amounts  to  $102 ;  the 
second  4  mo.,   and  amounts  to  $25.33;    the  third  3   mo.,   and 
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amounts  to  $15.15;  the  fourth  1  tnonlb,  and  amouots  to  $J0.17, 
aud  the  balance,  July  1,  is  $193.65,  which  during  the  next  term 
amounts  to  $196.49 ;  the  4th  deposit  being  on  interest  4  mo., 
amounts  to  $70.93,  and  the  amount  due  Jan.  1,  1897,  is  $267.42. 

2.  Mr.  Arnold  made  the  followiug  deposits  in  a  savings 
bank :  Jan.  5, 1893,  $50 ';  April  11,  $47.50  ;  May  15,  $18.25 ; 
Aug.  25,  $46.75;  Oct.  19,  $30  ;  Dec.  18,  $19.50;  what  was 
the  balance  due  Jan.  1,  1894?        Ans.  $215.28  ;  $216.33. 

3.  Balance  the  following  account  July  1,  1896 :  Balance 
on  hand,  Jan.  1,  $205  ;  Deposits,  Feb.  1,  $20  ;  Mar.  20,  $45  ; 
April  30,  $70.  Withdrawals,  Mar.  10,  $15;  April  15,  $10; 
May  5,  $25;  June  11,  $50. 

OPERATION. 


Date  Int.  Bal.  1st  of  Smallest  Bal.  dur- .  Int.  for 
Com.  Quar.  iner  Ouar.  Quar. 


Int.  for  6  Mo. 


Jan.    1         205  205  2.05 

Aprill         255  240  2.40 

July    1         244.4r> 

Solution. — ^If  interest  coronionccs  the  first  of  each  quarter,  for 
the  first  quarter  "wesliaU  have  the  interest  on  $205,  which  is  $2.(15. 
Tiie  balance  on  hand,  April  1,  is  $255,  but  the  smallest  balance 
during  the  quarter  is  $240,  which  is  the  balance  at  the  close, 
and  therefore  draws  intei-est  for  the  quarter  amounting  to  $2.40, 
making  the  interest  for  the  term  $4.45,  which  we  add  to  the 
balance,  making  $244.45  as  the  balance  to  begin  the  new  term. 

If  inleiest  is  reckoned  from  the  first  of  the  month,  we  shall 
have  the  interest  on  $205  for  6  mo.;  the  interest  on  $5  from  Feb. 
1  for  5  mo.;  the  int.  on  $30  from  Apr.  1  for  3  mo.,  which  being 
added,  give  $4.48,  tlie  balance  on  hand  July  1  being  $244.48. 

4.  Jane  Osborne  had  the  following  account  with  the 
Franklin  Saving  Fund :  Deposits,  Mar.  11, 1895,  $195;  July 
10,  $75 ;  Aug.  25,  $45.50 ;  Nov.  1,  $62.50 ;  Apr.  10,  1896, 
$43.50.  Withdrawals,  May  1, 1895,  $25 ;  June  7,  $50 ;  Sept.  9, 
$18.45;  Jan.  1,  1896,  $100;  May  10,  $27.50.  Balance  her 
account,  July  1, 1896.  Ana.  $208.97  ;  $210.10. 

5.  Required  the  balance  due  July  3, 1897,  on  Mary  Simp- 
son's account  with  the  Union  Savings  Bank.  Deposits,  Jan. 
10,1896,  $61.25;  April  7,  $72.81;  July  9,  $52.75:  S  pt. 
20,  $48  ;  Feb.  12, 1897,  $87.50  ;  May  17,  $75.  Withdrawals, 
Feb.  9,  1896,  $15.10  ;  May  19,  $24.16  ;  Aug.  15,^^%  Ov\.. 
20,  $15.75 ;  Mar.  12, 1897,  $2S.&1.  Aua.^^^^ A^  ^A^V^fe^. 
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STOCK  INVESTMENTS  WITH  INTEREST. 

665*  In  Stock  Investments  operators  take  into  consid- 
ation  the  interest  on  the  money  invested. 

In  the  previous  articles  on  stock  investments,  no  account  was  taken 
ottime;  to  know  accurately,  however,  the  gain  or  loss  on  an  investment, 
we  should  consider  the  interest  on  the  money  used. 

In  speculating  in  stocks,  a  person  frequently  does  not  pay  for  what 
he  buys,  but  merely  deposits  with  his  broker  a  certain  part  of  the  value 
in  money  or  securities,  to  secure  the  latter  against  loss.  This  deposit 
is  called  a  "margin,"  and  varies  with  the  character  of  the  stock.  Thus, 
on  reliable  stocks,  the  margin  would  be  about  10%,  while  on  fancy 
stocks  it  might  be  as  high  as  20%.  Tliis  margin  must  be  kept  up  by 
the  speculator;  that  is,  if  the  stock  falls  before  he  is  ready  to  sell,  he 
must  increase  his  deposit.  Often  no  stock  is  actually  bought  or  sold, 
but  at  the  end  of  a  certain  time  the  account  between  the  broker  and 
speculator  is  settled  just  as  if  the  stock  had  been  bought  and  sold  at 
current  rates. 

Note. — As  the  followinpf  examples  are  worked  principally  by  a  combina- 
tion of  methods  previously  given,  it  is  uunecessary  to  divide  them  into 
cases.  Brokerage  at  ^%  is  reckoned  on  all  purchases  and  sales.  Money 
is  regarded  as  worth  6%  unless  otherwise  stated. 

1.  What  is  the  annual  rate  of  interest  of  an  investment 
which  pays  3%  semi-annually,  if  reinvested  at  6%  ? 

Solution. — The  interest  for  the  first  operation. 

half-year  may  be  on  interest  during  the  $  qSx  1.03  =••  $0.0309. 

second  half-year,  at  6%  ;  hence,  at  the  $0.03+$0.0309  =  |0.0609. 
end  of  the  year  the  interest  for  the  first 
half-year  will  amount  to  $.03x1-03,  or 

$.0309,  which  added  to  $.03,  the  interest  of  the  second  half-year,  gives 
$0.0609  as  the  yearly  interest  on  $1. 

2.  When  the  Reading  Railroad  pays  2^%  dividend 
quarterly,  what  yearly  dividend  will  be  equal  to  this,  money 
being  worth  6%  ?  Ans.  10^%. 

3.  If  I  buy  20  shares  Central  Transportation  Company  at 
48^  (50)  and  receive  $30  dividend  quarterly,  what  annual 
rate  of  interest  do  I  receive?  Ans,  12|-|^%. 

4.  If  I  buy  12  shares  Bank  of  North  America  (100)  at 
•240,  Jan.  div.  17^%?  July  div.  12^-%,  what  rate  of  interest 
do  I  get  for  the  year  reckoning  from  July?    Ans.  12fjf%. 

5.  Mr.  Whitmore  bought  $4000  first  bonds  Union  Pacific 
R.  R.  (int.  6  %  gold)  at  90 ;  after  two  years  he  sold  them  at 
104i  ;  what  did  he  make  more  than  by  loaning  the  money  at 
6^,  gold  averaging  112}  ?  Ans.  $663.10. 

6.  Bought  50  shares  Harlem  R.  R.  (100)  at  133 ;  what 
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would  I  gain  or  lose  by  buying  15  days  later  at  130,  ex-div- 
4%,  my  money  lying  idle  during  the  time,  and  what  if  my 
money  was  returning  8^  ?  Ans,  $50 loss;  $27.79  loss. 

7.  I  bought  40  shares  of  Reading  R.  R.  at  52,  (50)  May  12, 
and  having  received  dividends  at  2J%  July  20th  and  Octo- 
ber 20th,  I  sold  them  on  the  16th  of  December  at  53 1 ;  what 
per  cent,  more  did  I  obtain  than  if  the  money  had  been  in- 
vested at  6%  ?  Ans.  3tWi^%. 

8.  I  ordered  my  broker  to  buy  for  me  600  shares  of  Lake 
Shore  Railroad  (100)  at  58,  depositing  $7000  as  "  margin ;" 
25  days  aftei  ward  he  sold  them  at  61 ;  what  was  my  gain  per 
cent,  interest  6  %  ?  Arts.  l^m%, 

9.  On  April  1st,  I  bought  25  shares  N.  Y.  Central  (100)  at 
102  (div.  4%  10th  of  Feb.  and  Aug.)  and  16  shs.  N.  J.  Cen- 
tral (100)  at  97  (div.  2%  quarterly,  15th  of  Jan.,  Apr.,  July, 
Oct.);  and  sold  them  both  on  Jan.  2d  following,  the  former 
at  1031  and  the  latter  at  101 ;  what  more  did  I  gain  %  than 
if  I  had  loaned  the  money  at  7%?  Ans,  ItAVW^^ 

10.  Buy  in  June  25  shares  Pennsylvania  R.  R.  stock,  par 
50,  and  receive  in  December  5%  dividend  and  in  June  Z% 
cash  and  5%  scrip  worth  105;  what  do  I  realize  after  re- 
ceiving the  last  dividend,  and  what  is  the  actual  interest  on 
the  par  value  of  the  stock  ?  Arts.  $167.50;  13!%. 

11.  Buy  250  shares  Lehigh  Valley  R.  R.  (50)  at  581,  re- 
ceived July  15th  5%  dividend,  and  January  15th  3%  divi- 
dend and  the  privilege  of  buying  1  share  at  par  for  every  4 
shares  and  fraction  of  a  share;  these  latter  I  sell  at  57 i^; 
what  did  I  receive  in  a  year?  Ana,  10}%. 

12.  I  bought  500  shs.  of  Erie  (100)  at  16},  depositing  with 
my  broker  $1625  as  "  margin  "  to  secure  him  ;  15  days  after 
he  sold  them  for  171 ;  how  much  must  I  receive  from  the 
broker  beside  the  deposit,  interest  at  7  %  ?       Ana,  $480.68. 

13.  I  bought  of  Hassler  &  Co.,  Bankers,  75  shares  Dela- 
ware, Lackawanna  and  Western  R.  R.  stock  (50),  b  60,  for 
57  ;  in  30  days  drew  a  dividend  of  4%,  and  at  the  end  of 
60  days  sold  the  stock  for  59 ;  what  was  my  actual  ^«i^^ 
money  being  wjrth  6%  ?  A-^xa,  %^^N.^ 
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14.  A  speculator  bought  on  the  15th  of  December  1000 
ebares  of  Harlem  Kailroad  at  127^,  depositing  government 
boQds  worth  $12,750  as  a  margin.  He  sold  the  slock  on 
fJanuary  31st,  for  127,  having  received  a  dividend  of  5%j 
bow  much  does  he  gain,  interest  at  7%  ?     Ans.  $2949.03. 

EXCHANGE. 

666.  Exchange  is  the  method  of  making  payments  in 
distant  places  by  means  of  DrafU  or  Bills  of  Exchange, 

667.  Exchange  is  of  two  kinds,  Domestic  and  Foreign. 
Exchange  between  two  places  in  the  same  country  is  called 
Domestic  or  Inland  Exchange;  that  between  different 
countries  is  called  Foreign  Exchange, 

668.  A  Draft  or  Bill  of  Exchange  is  a  written  order 
for  the  payment  of  money.  In  domestic  exchange  it  is 
usually  called  a  Draft, 

669«  A  Sight  Bill  is  one  payable  "at  sight,"  or  on  its 
presentation.  A  Time  Bill  is  one  payable  at  a  specified 
time  after  sight  or  after  date. 

670.  The  Drawer  of  a  bill  is  the  party  who  signs  it 
The  Drawee  is  the  party  to  whom  the  bill  is  addressed. 

671«  The  Payee  is  the  party  to  whom  or  to  whose  order 
the  bill  is  payable.  The  Owner  or  Holder  is  the  party  who 
has  possession  of  the  bill,  and  the  person  remitting  it  is 
called  the  Remitter. 

67!3«  The  Indorsement  of  a  bill  is  the  writing  upon 
the  back  of  it,  by  which  the  payee  transfers  the  payment  to 
another. 

A  special  indorsement  is  an  order  to  pay  the  bill  to  some  particular 
person,  who  is  then  called  the  Indorsee^  and  he  alone  can  collect  the 
bill.  An  indorsement  in  blank  is  the  writing  of  the  holder's  name  upon 
the  back,  which  makes  the  bill  payable  to  the  bearer. 

673.  The  Acceptance  of  a  bill  is  the  promise  of  the 
Drawee,  when  presented,  to  pay  it  at  maturity.  The  Drawee 
accepts  by  writing  across  the  face  of  the  bill,  "Accepted," 
with  the  date  and  his  signature ;  the  bill  is  then  called  an 
Acceptance,  and  is  of  the  character  of  a  promissory  note. 
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If  a  bill  is  protested  for  non  acceptance,  the  drawer  is  uiulrr 
obligations  to  pay  it  immediately,  although  the  time  Rpecitied  in 
it  lias  not  expired.  Bills  of  exchange  are  entitled  to  *'  days 
of  grace"  according  to  the  custom  ol  the  place  where  the  draft 
is  payable,  unless  a  particular  day  is  named.  In  New  York,  Penn- 
sylvania, etc.,  no  grace  is  allowed,  and  in  most  States  no  grace  is 
allowed  on  sight  drafts.  If  a  note  is  payable  on  demand,  it  is 
legally  due  when  presented,  as  bank-notes,  etc.  If  a  particular 
time  is  specified  in  a  note,  it  is  legally  due  on  that  day. 

Wlien  a  bill  is  drawn  '^ acceptance  waived,''  it  is  not  subject  to  protest 
until  maturity.  When  an  indorser  writes  over  his  name,  "  demand  and 
notice  waived,"  he  is  liable  even  if  the  bill  is  not  protested.  If  the 
indorser  writes  "  without  recourse"  over  his  indorsement,  he  is  not  liable 
for  the  payment  of  the  bill. 

On  ordinary  time  drafts,  it  is  not  necessaiy  to  write  the  date  with  the 
"  acceptance ;"  but  on  sight  drafts  or  those  due  a  number  of  days  speci- 
fied after  acceptance,  it  is  necessary,  to  fix  the  time  of  payment. 

In  reckoning  the  time  of  maturity  of  a  bill  payable  after  date,  the 
day  on  which  it  is  dated  is  not  included,  and  in  the  case  of  a  bill  paya- 
ble after  sight,  the  day  of  presentment  is  not  included. 

674.  The  Rate  of  Exchange  is  the  rate  per  ceut. 
which  is  reckoned  upoa  a  draft. 

675.  The  Course  of  Exchange  is  the  current  price 
paid  in  one  place  for  bills  of  exchange  on  another. 

The  brokerage  is  usually  included  in  the  quotation  of  exchange. 

676.  The  Par  of  Exchange  is  the  established  value  of 
the  monetary  unit  of  one  country  in  the  monetary  unit  of 
another  ;  it  is  either  intrinsic  or  commercial, 

677.  The  Intrinsic  Par  is  the  standard  of  real  value, 
as  determined  by  the  weight  and  purity  of  the  coins  of 
different  countries. 

678.  The  Commercial  Par  is  the  standard  of  value,  as 
determined  by  the  nominal  or  market  price  of  the  coins  of 
different  countries. 

679.  Exchange  is  at  par  when  a  draft  sells  for  its  face ; 
at  a  premium  when  it  sells  for  more  than  its  face ;  and  at  a 
discount  when  it  sells  for  less  than  its  face. 

The  rate  of  exchange  between  two  places  or  countries  depends  upon 
the  course  of  trade.  If  the  trade  between  New  York  and  St.  Loub  is 
equal,  exchange  is  at  par.  If  New  York  owes  St.  Louis,  the  demand 
in  New  York  for  drafts  on  St.  Louis  is  greater  than  the  demand  in 
St.  Louis  for  drafts  on  New  York,  hence  the  drafts  are  at  a  premium  in 
New  York.  But  if  St.  Louis  owes  New  York,  the  demand  for  draftii  i? 
less  in  New  York  than  in  St.  Louis;  hence  drafts  \w  ^'i'^  Xvs^  v» 
St.  Louis  ai*c  at  a  discount. 
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The  reason  why  the  banks  in  New  York  should  cliarge  a  premium,  b 
ihat  th^  must  be  at  the  expense  of  actually  sendmg  money  to  the  St. 
Louis  banks,  or  be  charged  with  interest  on  their  unpaid  balance;  the 
reason  why  the  St.  Louis  banks  will  sell  at  a  discount  is  that  they  are 
willing  to  sell  for  less  than  the  face  of  a  draft  in  order  to  get  the  money 
owed  them  in  New  York  immediately. 

Exchange  is  charged  from  i  to  ^%,  and  is  designed  to  cover  the  cost 
of  tran'^uorting  the  funds  from  one  place  to  the  other.  Sometimes  1  or 
2  days'  interest  is  charged  in  addition. 

A  check,  draft,  or  certificate  of  deposit  on  a  bank  in  the  place  where 
drafts  are  selling  at  a  premium^  is  often  sent  to  pay  a  debt  in  the  place 
where  drafts  are  selling  at  a  discountf  and  such  a  check  or  draft  will 
command  a  premium. 

If  the  course  of  exchange  is  unfavorable  in  drawing,  the  discount  is 
sometimes  avoided  by  means  of  a  circuitous  exchange  through  several 
intermediate  places  between  which  the  course  is  favorable. 

DOMESTIC   EXCHANGE. 

680.  Domestic  or  Inland  Exchange  is  the  exchange 
between  two  places  in  the  same  country. 

G81*  The  Base  of  an  inland  bill  is  the  face ;  the  Rate 
is  the  rate  of  premium  or  discount. 

683«  The  Forms  and  Use  of  drafts  may  be  seen  by  the 
following  examples  and  explanations : 

First  National  Bank  of  Mobile, 
$8000.  Mobile,  Ala.,  July  16,  1887. 

At  sights  pay  to  the  order  of  James  Brown^  EiglU 
Thousand  Dollars,  Edward  Pickens, 

To  the  Merchants'  National  Bank,  Cashier 

Baltimore,  Md. 

Explanation. — Suppose  James  Brown,  of  Mobile,  owes  John  Wil- 
son &  Co.,  of  Baltimore,  $8000;  he  goes  into  a  bank  in  Mobile  and  gets 
the  above  draft.  He  then  writes  on  the  back  of  the  note,  "  Pay  to  the 
order  of  John  Wilson  &  Co.,"  signing  his  name,  and  fi-rwanis  it  to 
John  Wilson  &  Co.,  in  Baltimore,  who  take  it  to  the  Merchanis'  National 
Bank,  and  writing  the  name  of  their  firm  on  the  back,  receive  the  money. 

Third  National  Bank, 
$5600.  Louisville,  Ky.,  Jan,  11,  1887. 

At  ten  days  sight,  pay  to  the  order  of  A.  M.  Taylor  &  Go.^ 
Five  Thousand  Six  Hundred  Dollar Sy  and  charge  the  same 
to  the  account  of  James  Harrison, 

To  the  Fifth  National  Bank,  Cashier. 

Cincinnati,  O. 
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Explanation. — Suppose  that  William  Johnsuu,  of  LouisvilJe,  wisli- 
ing  to  pay  a  debt  of  $5600  to  A.  M.  Taylor  &  Co.,  of  Cincinnati,  buys 
the  above  draft  on  tlie  Fifth  National  Bank  of  Cincinnati.  He  for- 
wards it  to  A.  M.  Taylor  &  Co.,  who,  having  indorsed  it,  will  present  il 
at  the  bank.  The  "ten  days  after  sight"  means  after  acceptance.  It 
should  be  presented  to  the  bank  upon  which  it  is  drawn  as  soon  as  re^ 
ceived,  when  the  cashier  writes  upon  it  "  accepted,"  with  the  date  of 
acceptance,  and  signs  his  name  as  cashier.  This  makes  the  bank  liable 
for  its  payment,  and  is  an  agreement  to  pay  it  after  ten  days. 

Note. — If  William  Johnson  has  an  account  with  the  Fifth  National 
Bank,  he  may  draw  on  it  directly  as  one  bank  draws  on  another.  A  per- 
son Bometimes  draws  on  a  party  who  owes  him  in  order  to  collect  the  bill. 

CASE   I. 
G83*  To  find  the  cost  of  a  bUl  of  exchange  at  sight, 
or  on  time. 

1.  What  must  I  pay  in  Philadelphia  for  a  draft  of  $500  on 
Boston,  exchange  being  1  J%  premium  ? 

Solution. — At  a  premium  of  1^%  operation. 

the  cost  of  exchange  of   $1   is  $14-  $1,0000 

1 J  ct.  =  $1.0125,  and  the  cost  of  $500  is  '  qi  95     rate 

500  times  $1.0125,  which  are  $506.25.  '                    * 

Hence  for  sight  exchange  we  have  the  '*-^*^    Ln  ^^^ 

following  ^^ 

$506.2500 

Rule. — Find  the  cost  0/  $1  by  adding  Uie  rate  to  %\,  when 

at  a  premium^  or  subtracting  it^  when  at  a  discount,  and 

multiply  the  result  by  the  face  0/ the  draft. 

2,  What  must  be  paid  in  Cleveland  for  a  draft  of  $3000 
on  BufTalo  at  60  dayp,  exchange  2%  premium  ? 

&0L.IJTION. — The  dr^lt  being  on 

thne  should  be  purchased  at  a  dis-  operation. 

oount.    The  discount  of  $1,  at  the  $1.00 

rate  in   Cleveland  for  60  days  is  .01      discount  for  60  da. 

$.01,  which,  subtracted  from  $1,      

equals  li)(>.9y,  the  cost  of  $1  of  the  .99      cost  of  $1  at  par. 

draft  if  the  exchange  was  at  par  ;  .02      rate  of  exchange. 

but  there  is  a  premium  of  2  per      

cent.,  hence  adding  $.02,  we  find  1.01      cost  01  ^1  of  draft, 

the  actual  cost  of  $1  of  the  draft  3000 

to  be  $1.01,  and  multiplying  this 

by  3000,   we  have  $3030. Ou,   the  $3030.00  whole  cost, 
entire  cost.     Hence,  for  time  ex- 
change, the  following 

Rule. — From.  $1  subtract  the  bank  discount  of$l  for  the 

time  and  rate,  where  the  draft  is  purchased  ;  to  this  result 

add  the  rate  of  exchange  when  at  a  preiixxuta,  aud,  ^sAxXiVroucX 

tl  when  at  a  discount,  and  wuUipl'y  the  resuU  b\j  W\a  Jac«.  oj 

^he  draft 
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8.  John  Simpson  bought  in  Pittsburgh  a  draft  on  Phila- 
delphia for  $3500,  exchange  -\^/c  premium  ;  what  did  it  cost 
him?  Ans,  $3508.15. 

4.  A  merchant  in  Cincinnati  remitted  to  New  York  a  draft 
for  $7500,  payable  30  days  after  sight,  at  6%,  exchange  2J% 
premium  ;  what  did  he  pay  for  the  draft  ?  Ans,  $7650. 

5.  A  Philadelphia  grain  dealer  bought  a  quantity  of 
wheat  in  Chicago,  and  remitted  in  payment  a  draft  for 
S1250,  at  3  mo.,  at  6%,  exchange  at  |%  discount;  what 
did  he  pay  for  the  draft  ?  Ans.  $1221.875. 

C.  What  will  be  the  cost  of  a  sight  draft  on  Philadelphia 
for  $550  at  | %  premium,  and  a  30-day  draft  for  $2000  at 
1%  premium?  Ans.  $2564.12i. 

7.  Mr.  Jones,  of  Philadelphia,  sends  his  check  for  $7500 

to  a  firm  in  Chicago,  where  drafts  on  Philadelphia  sell  at  J% 

premium ;  what  will  a  Chicago  bank  pay  for  it? 

Ans.  $7565.62^ 
CASE  II. 

G84*  Given,  the  cost  of  a  bill  of  eacchange,  to  find  ith 
face. 

1.  I  paid  $3030  for  a  60  day  draft  on  Buffalo,  exchange 
2%  premium  ;  required  the  face  of  the  draft. 

OPERATION. 

Solution.— We  find  by  Case  I.  i.oo 

that  a  draft  for  $1  will  cost  $1.01,  .01  discount  for  60  da. 

therefore  a  draft  that  costs  $3030  -^         j.  ^^  ^^  ^^ 

must  be  for  as  many  doHars  as  ^^  rate  of  exchange. 

$1.01  IS  contanied  times  m  $3080,  -5-7^^              ^  ^^ 

which  are  $3000.     From  this  solu-  1-01  cost  of  $1. 

tion  we  derive  the  following  13030 —  43000. 

1.01 

Rule. — Find  the  cost  of  a  draft  0/  $1  avd  divide  the  given 
cost  by  it ;  the  quotient  will  he  the  face  of  the  draft, 

2.  Joseph  Hudson  owes  a  debt  in  St.  Louis  ;  to  pay  it  he 
purchases  in  Buffalo  a  45-day  draft,  premium  1^%,  for 
$5541.25;     what  was  his  debt?  Ans.  $5500. 

3.  A  Philadelphia  merchant  wishes  to  pay  a  debt  of 
$2500  in  St.  Paul  by  a  sight  draft  on  the  City  National 
Bank,  Phila.;  if  exchange  on  Philadelphia  is  |%  premium 

fit  St.  Paul,  what  must  be  the  ^ace  o^  Wi^  ^x^^\,^ 
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4.  If  the  merchant  in  the  previous  problem  buy,  instead 
of  a  sight  draft,  a  draft  at  60  days,  what  will  be  the  cost  of 
the  draft?  Ans,  $2459.63. 

0.  A  merchant  in  Detroit  buys  goods  in  Boston,  and  re- 
mits in  payment  a  4-month  draft  on  Detroit  for  $160,  exchange 
on  Detroit  being  at  a  premium  of  J%  ;  what  was  his  bill, 
reckoning  grace?  Ans,  $750. 

6.  I  received  a  draft  for  $60,  which  cost  J%  to  get  it 
cashed ;  what  should  have  been  the  face,  that  I  might  have 
realized  $50  ?  Ans,  JI50.44. 

7.  Sold  on  commission  goods  to  the  amount  of  $2375 ; 
after  deducting  3%  as  my  commission,  I  purchase  with  the 
proceeds  a  draft  for  60  days,  at  2%  premium  ;  what  was  the 
face  of  the  draft  ?  Ans,  $2280  94. 

CASE  m. 

G^5«  Criven,  the  face  and  the  cost  of  a  eiraft,  to  find 
the  rate  of  exchange* 

1.  If  I  pay  $3508.75  in  Cincinnati  for  a  draft  of  $3500  on 
St.  Louis,  what  is  the  rate  of  exchange  ? 

Solution. — If  a  draft  of  $3500  cost  operation. 

$3508.75  the  premium  will  be  $8.75  ;        $3508. 75-$3600=  $8.75 
and  dividing  the  premium,  $8.75,  by  tlie         ig  75 

base,  $3500,  we  have  the  rate,  \  % .  <^F7^  =  •  ^^25  =  i  % . 

$3500 

Rule. — Find  the  premium  or  discount  and  divide  it  by 
the  face,  to  find  the  rate. 

2.  An  agent  in  Cincinnati  remitted  to  Philadelphia  $5500 
by  a  45-day  draft  which  cost  $5541.25;  what  was  the 
premium  ?  Ans.  H%. 

3.  A  merchant  in  Omaha  remitted  to  Baltimore  a  draft 
for  $7500,  payable  30  days  after  sight  at  6%  ;  the  draft  cost 
$7646.25;  what  was  the  rate  of  exchange?  A7is.2^%  prem. 

4.  A  Boston  merchant  remitted  to  Cleveland  a  draft  for 
$1250  at  3  mo.,  at  6%,  paying  for  it  $1221.25;  what  was 
the  rate  of  exchange  with  grace?  Ans,  %%  discount. 

5.  Mr.  Johnson  sold  on  commission  goods  to  the  amount 
of  $2375;  having  deducted  3%  as  commission,  he  remitted 
a  draft  at  60  days  for  $2280.94*,  wha.1  ^^"^  Wx^  x^X'^  ^'^  ^^* 
change  ?  Am.  '^%  ^x<i\s\\KiXfi- 
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FOREIGN   EXCHANGE. 

686«  Foreign  Exchange  is  the  exchange  that  takers 
place  between  different  countries. 

687*  A  Set  of  Exchange  consists  of  thn*)  bills  of  the 

same  tenor  and  date,  each  containing  a  condition  that  it  shall 

continue  payable  only  while  the  others  are  unpaid. 

To  prevent  loss,  or  delay,  each  bill  of  a  set  is  remitted  in  a  different 
manner,  and  when  one  bill  of  the  set  has  been  paid,  the  others  are 
worthless. 

G88*  Bills  of  Exchange  are  usually  made  payable 
either  3  days  after  sight  or  60  days  after  sight.  The  latter 
are  quoted  at  a  lower  rate,  on  account  of  the  discount. 

Bills  of  exchange  are  also  drawn  75  days  after  date,  allowing  15  days 
for  sight  or  passage. 

G89*  Quotations  of  foreign  exchange  are  expressed  by 
equivalents,  either  by  giving  the  number  of  cents  in  the 
foreign  monetary  unit  (as  the  pound),  or  the  number  of 
foreign  monetary  units  (as  francs)  to  the  dollar. 

G90.  The  par  of  exchange  of  the  p]nglish  money  unit,  the 
pound,  is  fixed  by  act  of  Congress  at  $4.8065. 

Previous  to  1834  the  par  of  exchange  between  the  United  States  and 
England  was  at  the  rate  of  £9  =$40,  or  £1  =  $4.44 J,  which  is  called 
the  old  par  of  exchange.  A  change  in  the  U.  S.  coinage  in  1834  and  sub- 
sequently, caused  the  pound  sterling  to  be  worth  about  9f  per  cent,  more 
than  the  old  par;  but  exchange,  however,  was  usually  given  with  refer- 
ence to  the  old  par  value ;  hence,  when  sterling  money  was  quoted  at  9  j 
per  cent,  premium  it  was  really  at  par.  By  an  Act  of  Congress,  taking 
effect  on  the  Ist  of  January,  1874,  the  par  of  the  English  pound  sterling 
was  fixed  at  $4.8665  in  American  gold  coin,  which  is  now  the  basis  of 
quotation  by  bankers. 

691.  The  Money  of  Account  of  any  country  consists 
of  the  denominations  of  the  money  of  that  country  in  which 
accounts  are  kept. 

692.  The  Act  of  March  3,  1873,  provides  that  "the  value 
of  the  standard  coins  ...  of  the  world  shall  be  estimated 
annually  by  the  Director  of  the  Mint,  and  be  proclaimed  on 
the  first  day  of  January  by  the  Secretary  of  the  Treasury." 

G93*  In  accordance  with  this  law,  the  following  table 
was  published  by  the  Secretary  of  the  Treasury,  Jan.  1. 
ISSS: 
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000,T«. 

»on.taet™,t. 

BTANDAltD. 

C.  S.  MOKEY. 

Austria, 

Florin, 

Silver, 

.34,5 

Belgium, 

Franc, 

G.  and  S., 

.10,3 

Bolivia, 

Boliviano, 

Silver, 

.69,9  ■ 

Brazil, 

Milreis  of  1000  reis. 

Gold, 

.54,6 

British  America, 

Dollar, 

Gold, 

(1.00 

Central  America, 

Dollar, 

Silver, 

.91.8 

Chili, 

Peso. 

Gold, 

.91,3 

Cuba, 

Peso; 

Gold, 

.93,0 

Denmark, 

Crown, 

Gold, 

.38,8 

Eouadur, 

Sucre, 

Silver, 

Egypt, 

Pound  or  100  pittHtres, 

Gold, 

4.94,3 

France, 

Franc, 

G.  and  S., 

.19.3 

Great  Britain, 

Pound  Sterling, 

Gold, 

4.86,6i 

Greece, 

Drachma, 

G.  and  8., 

.19,3* 

Glerman  Empire, 

Mark, 

Gold, 

.28,8 

Japan, 

Yen, 

Gold, 

.99.7 

lu^a, 

Rupee  of  16  annas, 

Silver, 

.33,3 

Italj, 

Lira, 

G.  and  S.. 

.19,3 

Liberia, 

DolUr, 

Gold, 

1.00 

Mexico. 

Dollar, 

Silver. 

.75,9 

NetlierlaudM, 

Florin, 

G.  and  8., 

.4o:s 

Norway, 

Crown, 

Gold, 

.36,8 

Pern, 

Sol, 

Silver, 

.69,9 

Portugal, 

Hilrels  of  lOOOrelfl, 

Gold, 

1.08 

Russia, 

Rouble  of  100  copecks, 

Silver. 

£5,9 

Spaiu. 

Peseta  oflOOceiitiraeK, 

G.  and  S.. 

.19,3 

Swedeu, 

Crown, 

Gold, 

.26,8 

Switzerland, 

Franc, 

G.  and  8., 

.19,3 

Tripoli, 

Mahbubof  20  piasters, 

Silver. 

.68 

Tunis, 

Piaster  of  IB  caroubs, 

Silver, 

.11,8 

Turkey. 

Piaster, 

Gold, 

.04.4 

D.  8.  of  Colombia. 

Peso, 

.69,9 

Venezuela, 

Bolivar, 

Silver, 

.19,8 

094.  Most  of  the  dealings  in  foreign  exchange  are  with 
the  commercial  centres  mentioned  in  the  following  table, 
talien  from  a  recent  New  Yorli  paper  ; 

60  days. 
,e  bankers'  sterling  bills  on  London  4  87J@4  88 


liood  bankers'  do 
I'rinie  com.  sterling 
Paris  (francs), 
Antwerp  (franc 

AniBlerdam  (guilders), 
Hamburg  (reichsmarks), 
K  rank  fort  (reichsmarks), 
Kremen  (reichsmarks), 
Berlin  (reichsmarks), 

Jiemitlancea  to  and  fl*om  oilier  p\aces 
ilieae  leitdlni^  oni^,  enpeciallv  LonAoi\. 


(tctvvvMvvV!  tmA*'  ' 
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In  the  London  quotations  "prime'' bills  are  those  on  the  best  banking 
houses ;  "  good"  are  those  on  houses  in  good  credit,  but  less  in  demand 
than  the  prime.  "Commercial"  signifies  merchants'  drafts,  which  gen- 
erally rate  below  bankers'.  In  the  quotations  on  Paris,  Antwerp,  and 
Switzerland,  the  franc  is  the  unit,  and  the  quotation  gives  the  number 
of  francs  and  centimes  to  the  dollar.  The  exchange  on  Amsterdam  is 
the  number  of  cents  to  the  guilder ;  while  on  Hamburg,  Frankfort,  Bre- 
men, and  Berlin  the  quotation  gives  the  number  of  cents  in  4  reichs' 
marks.  4.87^@4.88  indicates  tlie  lowest  and  highest  prices  on  the  dav 
on  whicli  the  quotations  were  made. 

Remark. — United  States  securities  are  quoted  in  London  on  a  gold 
basis  instead  of  a  greenback  one,  of  4  shillings  to  the  dollar,  hence  they 
usually  appear  lower  than  with  us. 

G05*  A  Letter  of  Credit  is  a  letter  from  a  banking  bouse 
in  one  country  to  one  or  more  of  their  correspondents  in 
another,  directing  them  to  pay  to  the  person  in  whose  favor 
the  letter  is  written,  any  sum  required,  not  exceeding  a  cer- 
tain amount  specified  in  the  letter. 

Letters  of  credit  are  much  used  by  travelers,  and  are.  preferred  to  bills 
of  exchange  for  several  reasons:  1st,  The  traveler  need  not  draw  the 
whole  amount  mentioned  at  once,  but  such  a  part  as  he  may  find  conve- 
nient ;  2d,  They  are  usually  addressed  to  one  or  more  bankers  in  all  the 
principal  cities  of  Europe,  so  that  money  can  be  obtained  at  any  one  of 
these  places ;  3d,  They  can  be  bought  either  by  depositing  the  full 
amount  mentioned,  and  receiving  at  the  time  of  settlement  any  balance 
remaining,  or  by  depositing  securities  to  that  amount,  and  settling  the 
account  at  the  end  of  the  journey. 

On  presenting  a  letter  of  credit,  the  holder  is  frequently  required  to 
sign  a  draft  at  60  days  for  the  amount  drawn,  which  is  forwarded  at 
once  to  the  house  issuing  the  letter,  the  foreign  banker  making  a  profit 
usually  from  the  course  of  exchange.  The  amount  is  charged  by  the 
house  issuing  the  letter  to  the  account  of  the  drawer,  with  interest  from 
the  maturity  of  draft  to  the  time  of  settlement,  and  a  commission  of  1%. 

It  is  the  custom  of  some  houses,  however,  to  require  the  holder  of  the 
letter  of  credit  to  merely  sign  a  receipt,  which  is  forwarded  to  the  home 
bankers,  and  in  this  case  the  latter  charge  interest  from  the  date  of  the 
receipt.  The  foreign  banker  pays  the  amount  demanded,  less  a  com- 
mission of  about  J%,  and  the  expenses  of  remitting. 

When  securities  are  deposited,  no  commission  is  charged  by  the  home 
banker,  and  interest  at  the  rate  of  3%  is  allowed  by  some  houses  on 
balances. 

696.  Circular  Notes  are  issued  by  the  Bank  of  England, 
which  may  be  bought  in  London,  and  are  taken  for  their  full 
value  on  the  Continent.  These  are  made  payable  to  the 
order  of  the  person  who  buys  them,  and  th*=-re  is  no  comrais- 
sion  charged  on  them  when  cashed. 

097.  Circular  Notes  are  also  issued  by  bankers  in  this 
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i;ountr7  on  some  bank  in  Europe,  which  are  cashed  by  anj 
of  the  correspondents  of  the  bank  issuing  them,  without  any 
other  expense  than  a  small  commission. 

The  notes  are  accompanied  with  a  letter  from  the  home  bank,  coun- 
tersigned bj  the  bearer,  which  is  to  be  presented  at  the  same  time  as 
each  of  the  circular  notes.  The  latter  must  be  signed  in  the  presence  o\ 
the  correspondent. 

1.  What  must  be  paid  in  Philadelphia  for  a  bill  of  exchange 
on  London  for  £325,  at  $4.87^  to  the  pound  sterling  ? 

OPEBATION. 

SoLUTioN.^Tf  1  pound  costs  $4. 87 J,  £325  cost  ^4  071 

325  times  $4.87i,  which  is  $lo84.37J.     Hence  the  325 

'"""^^^  $1584:371 

Rule. — Find  the  cost  of  the  unit  of  the  currency  in  which 
the  bill  is  given,  and  multiply  the  face  by  it  for  the  cost,  or 
divide  the  cost  by  it  for  the  face. 

2.  What  was  the  cost  in  New  York  of  the  following  draft, 
exchange  at  60  days  being  $4.88  to  the  pound,  when  gold  was 
selling  at  1 13 J  ?  Ana,  $3101.73. 

Exchange  for  £560.  New  York,  June,  8, 1874. 

Sixty  days  after  sight  of  this  first  of  Exchange  (second 
and  third  of  same  tenor  and  date  unpaid),  pay  to  Thomas 
Elliott,  or  ordnr.  Five  Hundred  and  Sixty  Founds  Sterling, 
value  received,  with  or  without  further  advice,  and  charge 
the  same  to  account  of  FisK,  Hatch  &  Co. 

To  Mfpsrs.  Babinq  Brothers,  London. 

S.  What  is  the  face  of  a  draft  on  Lisbon,  bought  in  New 
York  for  $648,  if  1  milreis=$1.08  ?  Ans.  600  milreis. 

4.  What  is  the  cost  of  a  draft  on  Vienna  for  375  florins, 
if  1  florin=45  cents  ?  Ans,  $168.75. 

5.  For  what  can  a  merchant  in  St.  Petersburg  purchase  a 
draft  on  New  York  of  $2500  ?  Ans,  4472.27+  roubles. 

6.  A  merchant  wishes  a  draft  on  Leghorn  for  3000  lire; 
how  much  must  he  pay  ?  Ans.  $579. 

7*  By  the  second  quotation  in  the  table.  Art.  694,  what 
amount  of  exchange  on  Paris,  at  60  days  sight,  will  $1500 
in  gold  buy?  Ans.  7743.75  francs. 

8.  At  the  lower  quotation  of  the  ^«AA^,  Vi^^  \s\\iR>ci  ^.^- 
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change  on  Amsterdam,  3  days,  will  $1025.64  currency  buy  ? 

Ans.  2486 i  guilders,  nearly. 

9.  How  much  in  gold  will  a  bill  on  Geneva  for  5200  francs 
cost,  at  the  first  quotation  (Art.  694),  at  60  days  sight  ? 

^n«.  $1004.83. 

10.  A  merchant  in  Hamburg  wishes  to  remit  7860  reicha- 
marks  to  his  correspondent  in  New  York ;  what  will  be  the 
face  of  a  draft  for  60  days  at  the  highest  quotation  given  in 
Art.  694  ?  Ans.  $1859.38. 

11.  Bought  at  higher  quotations,  exchange  on  Amsterdam, 
60  days,  for  1500  guilders  ;  on  Hamburg  at  3  days  for  1200 
reichsmarks,  and  on  Antwerp,  60  days,  for  2000  francs ;  what 
was  the  cost  in  gold  ?  Ans,  $1289.66. 

12.  When  U.  S.  bonds  were  quoted  in  London  at  1081,  and 
in  Philadelphia  at  112},  exchange  $4.89 i,  gold  quoted  at  107, 
how  much  more  was  a  $1000  U.  S.  bond  worth  in  London  than 
in  Philadelphia?  .    Ans.  $16,689. 

13.  Bought  in  New  York,  $25,000  U.  S.  bonds,  at  119}, 
when  gold  was  at  136i^,  and  sold  them  in  London  at  831,  the 
proceeds  being  remitted  to  New  York  by  draft ;  what  did  I  gain 
or  lose,  exchange  $4.91=£1  ?  Ans.  $1902.96  loss. 

14.  Bought  in  London  $50,000  U.  S.  bonds  at  834,  when 
U.  S.  greenbacks  were  quoted  at  at  73i ;  and  sold  them  in 
New  York  at  1221,  the  proceeds  being  remitted  by  prime 
bankers'  drail  at  60  days  to  London  at  the  highest  quotation 
(Art.  694) ;  did  I  make  or  lose  by  the  transaction,  and  how 
much  ?  Ans.  Gain,  £900  9  d— . 

15.  A  gentleman  sending  his  son  to  Europe,  gives  him  a 
letter  of  credit  from  Drexel  &  Co.,  Philadelphia,  depositing 
Government  bonds  as  security ;  the  son  draws  £75  in  Lon- 
don, May  5,  the  bill  of  exchange  at  60  days  sight  reaching 
Philadelphia,  May  20 ;  what  must  be  paid  to  settle  the  account 
on  August  1,  commission  of  Drexel  &  Co.  being  1  %,  exchange, 
$4.875=£1  ?  Ans.  $370.07. 

16.  A  gentleman  before  taking  a  trip  to  Europe,  gets  a  let- 
ter of  credit  from  Knauth,  Nachod  &  Kuhne,  Bankers,  New 
York,  for  £500  ;  he  draws  for  £50  in  London,  May  1,  £100 

in  Paris,  May  15,  £100  in  Berlin,  June  ^Q,  £V^^  Vcl  ^^m^. 
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August  20,  and £50  in  London,  Oct.  1.  He  arrives  in  New 
York,  December  1,  and  wishes  to  settle  his  account  with  the 
baukers;  the  rate  of  exchange  being  $4-.90=£l,  and  premiums 
on  gold  being  respectively  12%,  12^%,  13%,  15%,  and  13^  %, 
commission  being  charged  at  1%  and  interest  at  6%,  what 
is  his  bill  ?  Ans,  $2297.59. 

ARBITRATION   OF  EXCHANGE. 

098.  Arbitration  of  Exchange,  also  called  Circular 
Exchange^  is  the  method  of  making  exchange  between  two 
places  by  means  of  one  or  more  intermediate  exchanges. 

699.  Simple  Arbitration  is  wheir  there  is  only  one 
intermediate  exchange ;  Compound  Arbitration  is  when 
there  are  two  or  more  intermediate  exchanges. 

As  rates  of  exchange  constantly  vary,  it  is  often  more  advantageous 
to  make  the  exchange  through  several  intermediate  places  than  by  a 
dire!t;t  remittance,  and  the  object  of  arbitration  is  to  enable  a  person  to 
ascertain  which  will  be  most  profitable. 

The  exchange  between  distant  points  is  made  in  broken  stages  which 
form  the  course  of  exchange.  The  course  of  exchange  is  determined  by 
the  course  of  trade,  but  goes  in  the  reverse  direction. 

1.  A  New  York  merchant  wishes  to  pay  a  debt  in  Ham- 
burg of  1000  marks,  remitting  through  London,  exchange 
between  London  and  Hamburg  being  £1  =  20  reichsmarks, 
and  between  London  and  New  York,  $4.90=£1 ;  what  will 
be  the  cost  of  the  draft  if  the  agent  in  London  charge  \  %  for 
remitting  ? 

Solution. — If  we  represent  the  required  operation. 

number  of  dollars  by  a;,  we  have  x  =  1000  $i=  1000  m. 

marks,  20  marks  =  £1,<£1  remitted  equals  20  m.  =  £1. 

£1 .00|  paid  by  the  debtor,  and  £1  =  $4.90.  £j^  (net)  =  £1.004^. 

Now,  tlie  product  of  the  first  set  of  values  £1  =  $4.90 

will  equal  the  product  of  the  second  set;  ^s)a\  ai  i 

hence  the  product  of  the  second  set  divided  ^  —  $24o.ol  \ 
by  the  product  of  all  the  first  set  ex/'  ept  y, 
will  equal  z,  from  which  we  have  x  =  $245.61  J. 

2.  A  merchant  in  New  Orleans  remits  $4560  to  New  York; 
exchange  on  St  Louis  is  1\%  premium,  between  St.  Louis 
and  Cincinnati,  \%  discount,  and  between  Cincinnati  and 
New  York  ^%  discount;  what  was  the  value  of  the  remits 
tance  in  New  York  if  sent  through  these  citlea? 
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Solution. — According    to    the  operation. 

given   nites,  $1.01}   in   New    Or-  ^  N.  Y.=$4o60  N.  O. 

leaiw  =  $l  m  St.  Louis;  and  $0.99  ^i^qU  N.  O.  =$1  St.  L. 

in  St.   Louis  =  $1    m    Cincinnati,  ^o.99  St.  L.  =$1  Cin. 

and  $0.99i  in  Cincinnaa  =  $1  in  ^q  99.^    cin.  =$1  N.  Y. 
New  York;   hence   we  have  x  = 


$4572.00.     '  I =$4572.06 

Rule. — I.  Represent  the  sum  required  by  x,  aJHx  the 
proper  unit  of  currency j  place  it  equal  to  the  given  Muni, 
and  arrange  the  given  rates  of  exchange  so  tJuU  in  any  two 
consecutive  equations,  the  same  unit  of  currency  shall  stand 
on  opposite  sides, 

II.  If  comniisaioji  is  charged  for  drawing,  place  1  minus 
the  rate  on  the  left  if  the  cost  of  exchange  is  required, 
and  on  the  right  if  proceeds  are  required ;  hut  if  commis- 
sion is  charged  for  remitting,  j^/ace  I  plus  theraie  on  the 
RIGHT  if  COST  is  required,  and  on  the  left  if  proceeds  are 
required. 

in.  Divide  the  product  of  the  numbers  on  the  right  by 
the  product  of  the  numbers  on  the  lefty  cancelling  equal  fac- 
tors; the  result  will  be  the  required  sum.  , 

3.  When  exchange  between  Boston  and  London  is  £9= 
$44,  between  London  and  Paris  is  £1=27  francs,  and  be- 
tween Paris  and  Stockholm  is  4  francs=l  rix  dollar;  how 
muQh  must  be  paid  in  Boston  for  a  bill  on  Stockholm  for 
2400  rix  dollars  ?  Ans.  $1738.27. 

4,  A  firm  in  New  York  remitted  $5734.50  to  their  corres- 
pondent at  St.  Petersburg  ;  the  direct  exchange  was  $1  = 
I  rouble  35  copecks,  while  through  London,  Frankfort,  and 
Copenhagen,  it  was  as  follows:  £1=$4.90  ;  £1  =  12  florins; 
1  rix  dollar=2.75  florins;  1  rix  dollar=l  rouble  30  copecks  ; 
which  was  the  better  mode  of  remittance  ? 

Ans.  The  direct,  by  1102  roubles  75  copecks. 
o.  A  Philadelphia  merchant  has  a  debt  in  Hamburg  of 
10000  reichsmarks  Ho  remits  through  Loudon,  Paris,  and 
Amsterdam,  at  the  following  rates:  £1  =  $4.87;  £1  =  25 
francs;  1  guilder=2.3  francs;  1  guilder=1.75  marks;  what 
must  he  pay  in  Philadelphia,  allowing  |%  brokerage  in  Lon- 
don and  i%  in  Paris?  Ans.  $2602. 
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6.  A  merchant  ia  Chicago  wishes  to  remit  $5000  to  Sa> 
v^annah  to  purchase  cotton.  Exchange  on  Savannah  is  1^% 
premium,  but  on  St.  Louis  it  is  1  %  premium ;  from  St. 
Louis  to  New  Orleans  J%  discount ;  from  New  Orleans  to 
Savannah  \%  discount ;  what  will  be  the  value  of  the  re- 
mittance in  Savannah  by  each  method,  and  which  is  more 
profitable?         Ans.  Direct,  $4926.11;  circular,  $4987.84. 

7.'  A  person  living  in  Chicago  is  informed  that  a  legacy 
of  10,000  marks  has  been  left  to  him  in  Frankfort;  he  directs 
it  to  be  remitted  to  London  by  a  bill  of  exchange,  and  then 
directs  his  New  York  agent  to  draw  on  London  and  remit 
a  draft  to  Chicago  for  the  amount.  If  exchange  is  at  20.5 
marks=£l,  and  £1=$4.8T,  and  f%  discoun^^  on'  Chicago, 
allowing  the  agent  \%  for  drawing  and  \%  for  remitting, 
what  will  the  legatee  receive?  Ans,  $2381.62. 

8.  A  gentleman  residing  in  Florence,  wishing  to  obtain 
$5000  from  property  in  Baltimore,  direcls  his  London  agent 
to  draw  on  Baltimore,  and  send  him  the  money  through 
Amsterdam  and  Paris,  exchange  as  follows:  £l=$4.9l ;  1 
guilder=18d.;  I  guilder=2  francs  10  centimes;  1.15  lire= 
I  franc.  If  the  agent  charges  \%  both  for  drawing  and 
remitting,  which  is  best,  the  circular  exchange,  or  the  di- 
rect at  17/  per  lira?  Ans.  Circular,  by  3214.92  lire. 

DUTIES    OR    CUSTOMS. 

700.  Duties,  or  Customs,  are  taxes  levied  by  govern- 
ment upon  imported  goods ;  they  are  of  two  kinds,  ad  va- 
lorem arid  specific. 

701«  An  Ad  Valorem  dutj  is  a  certain  percentage 
assessed  on  the  cost  of  the  goods  in  the  country  from  which 
they  were  imported. 

70!3«  A  Specific  Duty  is  a  certain  sum  assessed  on 
goods  without  regard  to  their  cost. 

703*  A  Tariff  is  a  schedule  showing  the  rate  of  duty 
fixed  by  law  on  all  kinds  of  imported  merchandise. 

704.  Certain  Allowances  are  made  in   specific  duties 

called   Tare  and  Breakage. 
21 
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705.  Tare  id  an  allowance  for  the  weight  of  the  box, 

cask,  or  covering,  containing  the  goods. 

For  some  articles  certain  rates  of  tare  are  fixed  by  law;  in  other 
cases  the  reed  tare  only,  ascertained  under  regulations  prescribed  by  the 
Secretary  of  the  Treasury,  is  allowed.  If  the  tare  is  specified  in  the 
original  invoice,  the  collector  may,  if  he  chooses,  with  the  consent  of 
the  consignee,  accept  it  as  the  correct  tare. 

706*  Breakage  is  an  allowance  for  the  loss  of  liquors 
imported  in  bottles. 

The  allowance  for  breakage  is  5%  on  ale,  beer,  porter,  liquors,  and 
.  sparkling  wine  in  bottles;  no  allowance  is  now  made  on  still  wines. 

707.  Qross  Weight  or  Value  is  the  weight  or  value 
of  the  goods  before  any  deductions  have  been  made. 

708.  Net  Weight  or  Value  is  the  weight  or  value  of 
the  goods  after  all  allowances  have  been  deducted. 

By  the  present  tariff,  most  duties  of  the  United  States  are  ad  valoreniy 
but  some  duties  are  specific,  and  some  articles  are  charged  both  a 
specific  and  an  ad  valorem  duty.  The  duty  is  reck(med  on  the  actual 
cost  at  the  place  of  purchase  or  manufacture,  increased  by  all  charges 
for  transportation  previous  to  final  shipment. 

Seaport  towns,  where  customs  are  collected,  are  called  ports  of  entry. 
The  offices  in  which  they  are  collected  are  called  custom- houses ;  and  the 
officer  who  superintends  the  collection  of  duties  and  other  business  of 
the  custom-house  is  called  collector  of  the  port. 

A  vessel  is  entered  at  a  port  by  lodging  at  the  custom-house  a  man^esi 
or  statement  of  its  cargo,  and  also  a  list  of  passengers  if  it  have  any, 
these  papers  verified  by  the  oath  of  the  master.  The  clearajiee  from  its 
port  of  departure  and  papers  proving  its  nationality  must  lUso  be 
deposited,  before  it  is  permitted  to  discharge  its  cargo. 

A  vessel  is  cleared  from  a  port  by  lodging  at  the  custom-house  a 
manifest  of  its  outward  cargo,  verified  by  oath,  and  agreeing  with  the 
shippers'  manifests  of  parts  of  cargo.  All  government  charges  must 
be  paid  also,  and  everything  connected  with  the  discharging  of  the 
inward  cargo  settled,  after  which  a  "general  clearance'*  is  issued,  and 
the  vessel  is  at  liberty  to  leave  the  port,  having  received  its  papers  of 
nationality  again. 

The  illegal  introduction  of  goods  into  a  country  otherwise  than 
through  the  regular  ports  of  entry  is  called  sniugf/Ung. 

709.  All  merchandise  imported  from  foreign  ports  or 
places,  must  be  consigned  in  the  manifest,  invoice,  or  bill 
of  lading,  to  some  person  or  firm  at  the  port  of  importation, 
by  whom  it  must  be  duly  entered,  either  for  immediate 
consumption  or  for  warehouse. 

Upon  the  arrival  of  the  vessel  in  port  containing  poods  consigned  to 
John  Smith,  he  will  proceed  to  make,  in  duplicate,  the  following  entry 
(if  Intended  for  immediate  consumption): 
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Entry  for  (X)nsamption  of  Mdse.  imported  by ,  on  the 

Master,  from ,  on  the day  of ,  18 — . 


Marks  of 
Mdse. 


F€S 

100 


Description  of 
Gtoods. 


One  Case  Linens 
Ship  ch. 

Ck>m.  2^  pr.  ct. 

Duty 

Liuens  fiOl  @  40  p.c. 


Quan- 
tity. 

Rate  of 
Duty. 

Rate  of 
Duty. 

Rate  of 
Duty. 

Rate  of 
Duty. 

1500  yd. 
920O.4O 

40 

XlOO 

»-6 

XlOO-   8-6 
2-10-8 

£102-18-9 

or 
1501 

Kate  of* 
Duty. 


Port  of , day  of 


-.18—. 


The  entries  in  this  form,  stating  in  full  all  the  particulars  (includ- 
ing as  above  all  charges  up  to  place  of  original  shipment),  with  the  in- 
voice and' bill  of  lading,  must  be  presented  at  the  collector's  office  to  the 
clerk  charged  with  this  duty,  who  will  examine  the  entry  by  the  invoice 
and  bill  of  lading,  estimate  the  amount  of  duties,  and  if  correct,  will 
transmit  all  the  papers  to  the  Naval  Office,  where  a  like  examination 
will  be  made,  and  if  found  correct,  they  will  be  checked.  After  ne- 
cessary bonds  are  taken,  oaths  administered,  packages  ordered  for  exam- 
ination and  duties  paid,  a  permit  will  be  issued  for  the  delivery  of 
ffoods,  in  the  following  form ; 

Port  of 


Custom-house 


18- 


To  the  Inspector, 

Duties  thereon  having  been  paid,  permission  is  hereby  given 

to  land  the  following  described  merchandise,  imported  in  the ,  — 

Master,  from , 18 — , 

FCS 

100                                   One  Case  Linen. 
,  Naval  Officer.  ,  Collector. 

Upon  the  presentation  of  the  permit  for  delivery  to  the  officer  io 
charge,  the  merchandise  will  be  cklivered,  excepting  such  packages  aa 
may  be  ordered  to  the  appraisers'  stores  for  examination — a  subsequent 
permit  being  necessary  after  packages  are  examined  and  found  correct. 

Merchandise  not  intended  for  immediate  consumption  may  be  depos- 
ited in  the  public  stores  (or  U.  S.  Bonded  Warehouses)  "there  to  be 
kept  with  due  and  reasonable  care,  at  the  charge  and  risk  of  the  im- 
porter, owner,  consignee,  or  agent,  and  subject  at  all  times  to  their  order 
upon  payment  of  the  proper  duties  and  expenses,  to  be  ascertained  on 
entry  thereof  for  warehousing,  secured  by  bond  of  the  owner,  consignee, 
or  importer,  with  surety  or  sureties,  to  the  satisfaction  of  the  collector, 
in  double  amount  of  duties." 

Merchandise  deposited  in  Bonded  Warehouses  may  be  withdrawn 
within  one  year  from  date  of  importation,  on  payment  of  duties  and 
charges ;  after  expiration  of  one  year  and  until  the  expiration  of  three 
y<jars  from  said  date,  they  can  be  withdrawn  on  payment  of  duty  assesse<l 
on  original  entry,  and  an  additional  duty  of  10  %  on  account  of  such  duties 
and  charges.  Three  years  is  the  limit  allowed  for  goods  remaining  in 
warehouse ;  after  that  time  they  cannot  be  withdrawn. 

710.  The  following  weights  and  mcaavvtfe«»  %iX^  ^^qjmkqJ^^ 

found  in  foreign  invoices: 
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Arroba,  Brazil,  =  82.381b.  U.S. 

"      IJuenos  Ayre8=  25.36  " 

Chekeofopium,Smyriia=1.66  " 

Vicul,  Manilla  =139.50  " 

"      Siaiu  =133J     " 

Pounds,  Austria,  100=123^     *' 

"         Bremen,  "  =110.12  *» 


>V  EIGHTS. 

Pounds,  Siiain,  100=101.44  lb.  UA 

"  Germany  "  =110.25  "  " 
Cantaro,  Sicily,  =175  "  ** 
Kilogramme,  Frauce=2.2016  "  *' 

Stone,  England, 


=  14. 


i«  <i 


Weiuhtb  of  Oils  pek  Gallon. — Cocoanat,  7^  lb.;  linseed,  7}  Ib^  oUt6, 
7.56  lb.;  palm,  7.501b. 


MEASURES. 


Velt  =  2 

Ohm,  Antwerp  =40 

Eiuicr  Wine,  Bavaria.    ==16.944    '* 


gal. 


Palm  of  marble, 

Aune, 

Ell,  Berlin, 


=  .512  ca.  ft. 
=1J85   yd. 
=  .73    yd. 


In  custom-house  business  the  long  ton,  cwt.,  and  qr.  are  used.  Foreign 
money  is  reduced  by  the  table  given  in  Art.  093,  unless  the  invoioe  is 
accompanied  by  a  consular  certiticate  stating  that  a  diiierent  rate  of  ex- 
change is  ruling  at  the  time  the  invoice  is  made  out. 

711.  The  Quantities  considered  are  :  1.  The  Cost  of  the 
goods,  or  the  Quantity  ;  2.  The  Duty ;  3.  The  Rate ;  4.  The 
Allowances. 

CASE    I. 
713*  Given f  the  base  and  the  rate,  to  find  the  duty. 

Rule  I. — For  ad  valorem  duties,  multiply  the  cost  of  the 
goods  by  the  rate  of  duty. 

Rule  11. — For  specific  duties,  deduct  first  the  allowariceSf 
and  compute  the  duty  on  the  remainder. 

Note. — In  reckoning  duties,  whole  dollars,  pounds,  ^llons,  etc.,  are 
used  as  tlic  base,  fractions  less  than  ^  being  rejected  and  more  than  ^  beiiis; 
reckoned  as  1.     Duties  arc  payable  in  gold. 

!•  A  receives  from  London  an  invoice  of  200  dozen  bottles 
of  porter,  valued  at  5  s.  a  dozen  ;  what  is  the  duty  at  50  eta 
a  dozen,  breakage  6%?  Ans.  $95. 

2.  What  is  the  dutv  on  72  boxes  of  wax  candles,  ea<  h 
weighing  1  cwt.,  duty  8/  a  lb.?  yl/?.s.  $045.12. 

B.  What  is  the  duty  in  currency  on  60  pieces  of  English 
prints,  2*7  in.  wide,  each  containing  32  yd.  @  6d.,  duty  7^^ 
persq.yd.,  and  15%  ad  uaZor^m,gold  at  IIGJ?  Ans.  $167.25. 

^.  What  is  the  duty  on  75  hhd.  of  sugar,  each  weighing  4 
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cwt.  3  qr.  8  lb.,  tare  28  lb.  per  hhd.,  duty  2f/  per  lb.  and 
25%  additioDal ;  and  25  hhd.  of  molasses,  90  gallons  each, 
duty  5/  a  gallon,  and  25%  additional,  the  price  of  gold  being 
il2|?  Ans.  $1646.85. 

5.  Received  from  Havana  750  boxes  of  cigars,  100  cigars 
in  each,  invoiced  at  $85  per  M.,  and  weighing  12  lb.  per  M. ; 
what  is  the  duty  in  currency  at  $2.50  per  lb.  and  25%  ad 
valorem,  gold  being  llOf  ?  Ans.  $4252.15. 

€•  A  quantity  of  wines  forwarded  to  Philadelphia  from 
Cologne  via  Antwerp  was  invoiced  as  follows:  Mark  C.  R.  S 
No.  2,  3  dozen  @  80  reichsmarks ;  No,  4,  4  dozen  @70  reichs- 
marks  ;  No.  6,  3  dozen  @  60  reichsmarks;  charges  $5  ;  com- 
mission 2^%;  duty  $1.60  per  dozen;  what  was  the  cost  of 
the  invoice?  -^ns.  $191. '765. 

?•  Mr.  A.  B.  Carey  bought  of  Matthew  Eyre  at  Rome  one 
quarter  cask  of  Marsala  wine,  costing  140  lire,  commission 
2^%  ;  it  was  shipped  free  of  export  duties  on  board  brig 
Robert  Ward  for  Philadelphia,  consigned  to  order  of  owner ; 
the  wine  being  estimated  at  30  gal.,  duty  40/ a  gallon,  what 
did  it  cost  on  its  arrival  in  Philadelphia?       Ans.  $39,695. 

8.  A  merchant  bought  in  Bordeaux  and  ordered  to  be 
shipped  per  steamer  Mary,  in  which  he  returned  to  the 
United  States,  for  his  account  and  risk,  ^  pipes  of  brandy 
marked  A,  B,  C,  etc.,  Nos.  21  to  30,  containing  81 J  veils  @ 
15.30  francs ;  com.  2J%  ;  duty  $2  a  gallon ;  what  was  the 
whole  cost  of  the  brandy  ?  Ans,  $570.92. 

9«  Invoice  of  5  bales  Goat  Skins  Tanned,  shipped  at 
Madras  per  steamer  Pacific  to  Liverpool  for  transhipment  to 
Philadelphia,  on  account  of  and  consigned  to  G.  R.  Lamar, 
Esq. 

0    B 

L     1|5    5  bales  cont'g  2000  skins  w'g  2200  lb.  @  Es.  1 

Export  duly  40 

Freight  to  Liverpool  Es.  100 
(not  dutiable) 

Duty,  Com.  5%  

Tanned  Skins  $        @  10  %  =  $102.50  Ks. 


What  is  the  duty  on  this  invoice  1  Am.  \\^'=L.\i>^ 
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NoTE.-^Iu  the  preccdiug  iuvoice  the  skins  are  worth  1  rupee  per  lb.  Ui« 
mark  being  Rs,  and  the  part  iu  italics  is  the  calculation  of  Uie  duty'addcd. 
b}'  the  cuBtom-house  officer.    The  freight  to  Liverpool  must  not  be  added 
iu  to  find  the  base  for  the  duty. 

10.  Messrs.  Smith  &  Sod,  Philadelphia,  bought  of  A.  Fogcl 
&  Co.,  LyoDS,  Jan.  1,  1876,  one  case  marked  S.  N.,  No. 
110,  containiDg  Kos.  10004-10005  silk,  20  in.  wide,  83 9| 
aunes  @1.10  francs,  and  Nos.  10006-10008  silk,  24  in.  wide, 
263  aunes  (a)  11  francs  ;  discount  was  2%  and  G^mmission 
3%  ;  what  was  the  duty  at  60%,  and  what  the  cost  of  the 
silk  per  yard  ?  Ans.  Duty,  $1035 ;  price,  $2. 

11.  Invoice  of  one  case  dress  goods  purchased  by  B.  Vogert 
&  Co.,  and  forwarded  to  McGregor  &  Co.,  Havre,  for  ship- 
ment  per  steamer  Atlantic,  for  account  and  risk  of  Charles 
Daniels,  Philadelphia. 

CD  .  p^  S^Dyd  f  Black  Cashmere  No.  20,38in.  Mtrs.  232@1.95 
61   ^^^'40%       I  Net  Wt.  24  Kilo.  or  Q  yds.  268 

i^Pna  ^<>^lb-/    "      "  No.  34,         "     173     3.06 

^^^'  40fc     X  Net  Wt.  28  Kilo.  

or  61  i  lb.  U.  S.  Discount  5% 


Case  &  Packing        10.00 


Com.  Z% 
Fes.      ■ 


What  is  the  duty  on  the  above  invoice?    Ans.  $126.99. 

Note. — In  this  example  it  will  be  noticed  there  are  two  duties ;  on  the 
first  lot  a  specific  duty  of  8  cents  per  square  yard  and  an  ad  valorem  duty 
of  40  per  cent.;  on  the  second  a  specific  duty  of  50  ceuts  per  lb.  and  40 
per  cent,  ad  valorem.  The  pupil  may  be  required  to  make  out  invoices  for 
the  prccediDg  examples. 

CASE    II. 
713*  Given,  the  rate  and  the  duty  or  the  whole  cost^ 
to  find  the  base. 

Rule  I. — Divide  the  duty  by  the  rate,  to  find  the  base. 
Rule  11. — Divide  the  whole  cost  bif  I  plus  the  rate  to  fi.nd 
the  base. 

Note. — As  the  duty  is  reckooed  only  on  whole  dollars,  it  is  evident  that 
the  original  value  cannot  be  exactly  obtained  from  the  duty,  and  hence  thia 
case  is  more  theoretical  than  practical. 

J.  Paid  $278.25  duty  on  watches  from  Geneva,  at  36%; 
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what  were  they  invoiced  at,  and  what  was  the  whole  cost 
in  store?  '  Am.  Fes.  4119.17;  $1073.26. 

2.  The  duty  on  an  invoice  of  Lyons  velvet,  at  24%,  was 
$1595.28;  what  were  the  goods  invoiced  at  in  Lyons,  650 
francs  having  been  paid  as  charges?     Ans,  Fes.  33790.41. 

3.  The  cost  in  store  of  30  pipes  of  Port  wine,  120  gallona 
each,  is  $10829.25;  duty,  20%;  freight  and  other  charges, 
$65.25 ;  what  was  the  cost  per  gallon  in  Lisbon,  1  milreis 
being  equal  to  $1.08?  .  Ans,  2  milreis,  307  reis. 

4f  Received  from  Havre  an  invoice  of  50  baskets  of 
champagne,  1  dozen  bottles  each,  duty  being  35%,  freight 
and  other  charges  175  francs,  and  the  whole  cost  $515.70; 
what  did  it  cost  per  bottle  at  Havre,  what  in  store,  and 
what  must  I  charge  to  clear  20%  ? 

Ans.  3  francs  at  Havre ;  86/  in  store ;  selling  price,  $1.03. 

CASE  III. 
714.  Giveti,  the  hose  and  the  duty,  to  find  the  nUe. 

Rule. — Divide  the  duty  by  the  base^  to  find  the  rate. 

1.  375  tons  of  Swedish  railroad  iron,  invoiced  at  $60  per 
ton,  cost  when  the  duties  were  paid,  $28,125;  what  was  the 
rate  of  duty?  Ans.  25%. 

2.  The  duty  on  300  drums  of  figs,  each  containing  281b., 
invoiced  at  7^  cents  per  pound,  was  $25.20;  what  was  the 
rate  of  duty?  Ans.  4%. 

3.  A  quantity  of  French  merinoes,  invoiced  at  44,475 
francs,  cost  $9689.08  in  store,  after  paying  the  duties  and 
$75  for  freight;  what  was  the  rate  of  duty?      Ans.  12%. 

4.  The  duty  on  2000  yards  of  Spitalfields  silk  was 
$3019.80,  invoice  price  being  10s.  3d.  per  yard,  and  freight 
£9  5  s. ;  what  was  the  rate  of  duty  and  what  should  I  charge 
to  clear  25%?  Ans.  Rate,  60%  ;  selling  price,  $5.03. 

5.  1  imported  from  Havana  750  boxes  of  cigars,  100  cigars 
Id  each,  invoiced  at  $85  ^  M.  and  weighing  121b.  ^  M ;  the 
specific  duty  in  gold  is  $2250  and  the  ad  valorem  $1593.75; 
what  are  the  respective  rates?      Ans.  $2.50 ^^t  VVi,\  "^iS^^o* 
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SECTION   IX. 
KATIO  AND  PROPORTION. 

EATIO. 

715.  Ratio  is  the  measure  of  the  relation  of  two  similai 
quantities ;  thus,  the  ratio  of  1 2  to  4  is  3. 

716.  The  S]rinbol  of  ratio  is  the  colon  (:);  thus,  12  :  4 
signifies  the  ratio  of  12  to  4.  Ratio  is  also  expressed  bj 
writing  the  numbers  in  the  form  of  a  fraction ;  thus,  •^. 

717*  The  Terms  of  a  ratio  are  the  two  numbers  coh^ 
fxared,  called  respectively  the  antecedent  and  the  coTiaequeni, 

718.  The  Antecedent  is  the  number  compared  with  the 
consequent.  The  consequent  is  the  number  with  which  the 
antecedent  is  compared. 

719*  A  Ratio  is  found  by  di?idiug  the  antecedent  bj 
the  consequent;  thus,  in  12  :  4,  the  ratio  is  ^^  or  3. 

7I30.  A  Simple  Ratio  is  the  ratio  of  two  numbers,  as 
8:4.  A  Compound  Ratio  is  the  product  of  two  or  more 
simple  ratios;  as  (3  :  6)x  (4  :  8),  or  fxf. 

7!^I.  A  Compound  Ratio  is  usually  expressed  by  writ- 
ing the  simple  ratios  one  under  another;   thus,   "]  i  !  o  f  • 

7!S2.  The  Reciprocal  of  a  ratio  is  a  unit  divided  by  the 
ratio,  or  the  ratio  inverted;  thus,  the  reciprocal  of  f  is  1-5-f 
or  f. 

733.  Inverse  Ratio  is  the  quotient  of  the  consequent 
divided  by  the  antecedent.  The  ordinary  ratio  is  somctimea 
called  a  direct  ratio, 

724.  Ratio  exists  only  between  similar  quantities;  there 

is  no  ratio  between  6  yd.  and  $8.      A  ratio  is  always  an 

abstract  number. 

Notes. — 1.  The  syipbol  of  ratio  (:)  is  Buppoeed  to  be  a  modification  of 
the  symbol  of  division. 


RATIO    AND    PROPOKTION  329 

2  Ratio  is  usually  defined  as  the  relation  of  two  numbers.  This  in 
tndetinite,  for  the  ratio  is  the  mecmure  of  the  relation. 

3.  A  few  authors  divide  the  conseqttent  by  the  antecedent  j  calling  it  the 
French  Method.  The  method  and  the  name  are  both  founded  in  error ; 
nearly  all  the  French  mathematicians,  like  the  German,  English,  etc, 
divide  the  antecedent  by  the  cotmequent. 


1.  T?ie  ratio  equals  the  quotient  of  the  antecedent  divided 
by  the  consequent. 

Thus,  if  the  antecedent  is  represented  by  a,  and  the  consequent  by  j, 

a 
and  the  ratio  by  r,  we  have  ar^c=irf  or  —  =r. 

c 

2.  The  antecedent  is  equal  to  the  product  of  the  consequent 
and  ratio. 

For,  since  -  -  =  r,  multiplying  by  c,  we  have  a^=sc  X^. 
c 

3.  The  consequent  is  equal  to  the  quotient  of  the  antecedent 
divided  by  the  ratio. 

For,  since  — =:ir,a^=ic')(,r,  from  which  we  see  c=  -. 
c  r 

4.  Multiplying  the  antecedent  or  dividing  the  consequent 

multiplies  the  ratio. 

d 
For,  a  :  c  equals  the  fraction   — ,  and  multiplying  the  numerator  or 

c 

dividing  the  denominator  multiplies  the  value  of  the  fraction. 

5.  Dividing  the  antecedent  or  multiplying  the  consequent 
divides  the  ratio 

For,  a  :  c  equals  the  firaction  — ,  and  dividing  the  numerator  or  mul- 

c 

tiplying  the  denominator  divides  the  value  of  the  fraction. 

6.  Multiplying  or  dividing  both  terms  of  a  ratio  by  any 
number  does  not  change  its  value. 

For,  a :  c  equals  the  fraction  —  and  multiplying  or  diyiding  both 

c ' 

U^rms  of  a  fraction  by  the  same  number  does  not  change  its  value. 

CASE  I. 
T25.  To  find  the  value  of  a  simple  ratio, 

1.  What  is  the  ratio  of  12  to  18  ? 

Solution. — The  ratio  of  12  to  18  equals  12  operation. 

divided   by  18,  or  jf,  which   reduced   to  its        12:18=11=1 
lowest  terms,  equals  j. 


?. 

95  :  19? 

-^ns.  5. 

8 

866  :  $13? 

Ans,  6. 

4c. 

£111  :£9? 

-4n,s.  13. 

0. 

i'-V 

^^s.  ^. 

6. 

6t :  8H  ? 

-4  ns.  ^J^. 
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What  is  the  value  of 

7.  3.5  :  6  25  ?  Ans.  J|. 

8.  5.6:t.45?  Ans,  i\i, 

9.  .Oi  :.0'j?  Ans.  f. 

10.  1  A. :  1  sq.ch.?  Ans.  10. 

11.  24G.  :£28?     Ans.  ^. 

12.  5  yd.  2  ft.  Tin.  ;  1ft.  6  in.?  Ans.  ll|f. 

13.  9  mi.  198  rd.  :  21  mi.  120  rd.  Ans.  ^^. 

14.  31b.  toz.  15pwt.  ;  51b.  2^oz.  A  v.  Ans.  |f. 

15.  The  reciprocal  of  the  ratio  of  17  to  51  ?         Ans.  3. 

16.  What  is  the  inverse  ratio  of  76  to  19?  Ans.  \. 

1 7.  What  is  the  ratio  of  a  yard  to  a  meter  ?     Ans.  {g|j. 

18.  What  is  the  ratio  of  a  pound  Troy  to  a  pound  Avoir- 
dupois ?  Ans.  \^. 

1 9.  What  is  the  ratio  of  a  liquid  gallon  to  the  old  beer 
gallon  ?  Ans.  ^. 

20.  What  is  the  ratio  of  an  English  ton  to  a  U.  S.  ton  ? 

Ans.  If 

21.  Which  is  greater  and  how  much,  the  ratio  of  2.6  :  5.45, 
or  that  of  2.6  :  5.45  ?  Ans.  The  latter,  ^|f^. 

22.  Required  the  difference  between  the  direct  and  in- 
verse ratio  of  4|  to  5J.  Ans.  ^. 

CASE  n. 

7!SO«  Given,  the  ratio  and  one  of  ttie  terms,  to  find 
the  other  term. 

1.  The  antecedent  is  24  and  the  ratio  is  4  ;  required  the 
consequent. 

Solution. — The  consequent  equals  the  antecedent       operation. 

divided  by  the  ratio  ;  hence  the  consequent  is  24-^-4,         94_:_4 a 

or  6.  ^t  .  t      o 

2.  The  ratio  is  f  and  the  antecedent  f ;  required  the  con- 
aequent.  Ans.  \\. 

3.  The  consequent  is  2.8  and  ratio  3.5;  required  the  ante* 
cedent.  Ans.  9.8. 

4.  The  antecedent  is  9  yd.  1ft.,  and  ratio  2.3;  required 
the  consequent.  Ans.  4  yd. 
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•  •    • 

6«  The  ratio  is  2.0}  and  the  antecedent  5.4  yd. ;  what  is 
the  consequent  ?  Ans,  2|^. 

6.  2}  times  the  ratio  is  7},  and  the  antecedent  is  72; 
what  is  the  consequent  ?  Ans,  24. 

7.  The  ratio  of  two  numbers, divided  by  3.3,equals  3,  and 
the  consequent  is  42 ;  what  is  the  antecedent  ?  Ans.  420. 

8.  The  reciprocal  of  the  ratio  of  two  numbers  is  ^^^  and 
the  antecedent  is  16  ;  required  the  consequent.     Ans,  36. 

9.  The  inverse  ratio  of  two  numbers  is  3f ,  and  the  conse- 
quent is  $3.41 ;  what  is  the  antecedent  ?  Ans.  $0.93. 

10.  The  inverse  ratio  of  two  numbers  is  6f,  and  the  re- 
ciprocal of  the  antecedent  is  ^^ ;  what  is  the  consequent  ? 

Ans  15. 

11.  The  inverse  ratio  of  two  numbers  is  3.0}  and  the  re- 
ciprocal of  the  consequent  is  .OlS;  what  is  the  antecedent? 

Ans,  18. 

CASE  UI. 
7I37*  To  find  the  veUue  of  a  compound  ratio, 

1.  Required  the  value  of  the  compound  ratio  •]  5  !  o  f  • 

Solution. — This  compound  ratio  equals  (4 :  6)x(5  :  8),  Art  721, 
which  equals  J  X  f  =  i^^j. 

2.  Required  the  value  ^^  i  9  !  1 4  r  •  -^w*-  A- 
8.  Required  the  value  <>^  ■]  q|  !  4 J  r  •               ^''^^^  lA 

4.  Required  the  value  of  \ni\  n 5  r  •  -4w8.  1. 

5.  Given  the  compound  ratio  i  g  !  n  f  =iV»  *^  ^"^  ^^®  ^^^^ 
antecedent,  or  a.  Ans.  6f. 

( 9  *  12) 

6.  Given  the  compound  ratio  <     \  \q\  =i>  ^   ^^^   ^^® 

second  antecedent.  Ans,  6. 

7.  Given  the  compound  ratio  ^  jo  .*       \  =4,  to  find  the 
second  consequent.  Atv%.  ^-V 
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8«  Tbo  ratio  of  7^  :  IS^  equals  the  compound  ratio 
i  20  *  97  [  "»  ^®^l^*r®^  ^^^  ^^8^  consequent.  Ana.  24. 

9«  The  ratio  of  2.3  :  6.51  equals  the  compound  ratio 
•j     I  .o  [■  ;  required  the  second  antecedent.  Ans,  11. 

MZSCEZiZiAlTEOnS    BZAMFZ.ES. 

Required  the  value 

!•  Of  36  pwt.  :  ^  oz.  Av.  Ans.  3f^. 

2.  Of  1  oz.  Av.  :  6  9.  Ans,  4|. 

8.  Of  .9285114  :  .35135.  Ans.  2^. 

4.  Of^ASli,  Ans.in^. 

5.  Of    .-±^^,:'i:^.  Ans.  a.. 

2.63-2.2T     .81— t\ 

^    ^^.590-.227   .216-. 135  .       «,, 

6.  Of  -^^ r-. :  T-. —'  Ans.  31  J. 

^.o4— .236   .207- .081 

.472—327 

7.  What  is  the  antecedent  of  —r-. .— ,  the  ratio  being 

.581— .518 

i  ?  Ans.  9|. 

2724-. 427 

8.  What  is  the  consequent  of -^— r: — —rr-,  the  ratio  being 

.381  +  .218 
1^?  Ans.  1. 

9.  The  great  bell  of  Moscow  weighs  198  tons  2  cwt.  25  lb., 
and  the  Great  Tom  of  Christ  Church,  Oxford,  weighs  17000 
lb.;  required  the  ratio  of  the  latter  to  the  former. 

10.  The  ratio  of  the  circumference  of  a  circle  to  its  di- 
ameter is  3.141592;  find  the  approximate  values  for  this 
ratio.  Ans.  3,  \\  f|f ,  ff|»  or  3,  3|,  3^%,  etc. 

11.  In  57551  years  the  earth  makes  36000  conjunctions 
with  Yenus ;  find  approximate  values  for  the  fraction  ex- 
pressing the  ratio  of  the  two  numbers. 

Ans.  1,  2,  f,  I,  HI,  W,  etc. 
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SIMPLE   PROPORTION. 

728.  A  Proportion  is  the  expression  of  equality  be- 
^ween  equal  ratios,  the  terms  of  the  ratios  being  indicated. 

729.  The  S]rinbol  for  proportion  is  the  double  colon, 
(:  :);  thus,  8  :  4  :  :  6  :  3  means  the  same  as  8  :  4=6  :  3. 

730.  A  Proportion  is  read  in  two  ways ;  thus,  8:4:: 
6  :  3  is  read  "the  ratio  of  8  to  4  equals  the  ratio  of  6  to  3," 
or  **8  is  to  4  as  6  is  to  3." 

731.  The  Terms  of  a  proportion  are  four  numbers  used 
in  the  comparison.  The  first  and  fourth  terms  are  the  Ex- 
tremes; the  second  and  third  are  the  Means, 

732$.  The  Couplets  are  the  two  ratios  compared.  The 
first  couplet  consists  of  the  first  and  second  terms ;  the  sec- 
ond couplet  consists  of  the  third  and  fourth  terms. 

733.  A  Mean  Proportional  of  two  numbers  is  a  num- 
ber which  may  be  made  the  means  of  a  proportion  in  which 
the  two  numbers  are  the  extremes. 

734.  Proportion  may  be  Simple  or  Compound,  In 
Simple  Proportion  both  ratios  are  simple  ;  in  Compound 
Proportion  one  or  both  of  the  ratios  are  compound. 

735.  A  Simple  Proportion  is  the  expression  of  the 
equality  of  two  simple  ratios. 

736.  The  Principles  of  proportion  are  the  truths  relat- 
ing to  proportion.  They  enable  us  to  find  any  one  term 
when  the  other  three  are  given. 

Note. — Ratio  arises  from  the  comparison  of  two  numbert;  proportion 
arises  from  a  comparison  of  tioo  ratios.  A  proportion  is  therefore  a  com- 
parison of  the  results  of  two  previous  comparisons. 


1 .  In  every  proportion  the  product  of  the  means  equah 
the  product  of  the  extremes. 

Take  any  proportion,  as  6  :  3  :  :  8  :  4.  Then  we  have  f  =  },  and  mul- 
tiplying these  equals  by  4  and  3,  we  have  6x4 -=8x3;  that  is,  the 
procluct  of  the  two  means,  8  and  3,  equals  the  product  of  the  two  ex 
tremes,  6  and  4. 

2.  Either  extreme  equals  the  product  of  the  meaus  d\vf\d^4 
by  the  other  extreme 
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For,  from  the  proportion  6  :  3  :  :  8  :  4,  we  have  6x4  =  8x8 ;  henoe^ 
6  =  3  X  8-5-4,  or  4  =^  3  X  8-^6.    Therefore,  etc. 

3.  Either  mean  equals  the  product  of  the  extremes  du 
vided  by  the  other  mean. 

For,  from  the  proportion  6  :  3  :  :  8  :  4,  we  have  6x4  =  3X  8 ;  henoe^ 
3  =  6x4-5-8,  or  8  =  6 X  4-!-3.    Therefore,  etc. 

4.  The  first  term  of  a  proportion  equals  the  second  term 
multiplied  by  the  ratio  of  the  third  to  the  fourth. 

For,  from  the  proportion  8  :  6  :  :  1 2  :  9,  we  have  J  =^  J^ ;  hence  8  = 
VX6,  or  12  :  9  multiplied  by  6.    Therefore,  etc. 

6.  The  fourth  term  of  a  proportion  equals  the  third  term 
divided  by  the  ratio  of  the  first  to  the  second. 

For,  from  the  proportion  8  :  6  :  :  12  :  9,  we  have  8x 9  =  6x  12,  or  9= 
6x12-5-8,  which  equals  12X},  which  equals  12-5-|,  or  12-5-(8  :  6). 
Therefore,  etc. 

Notes. — 1.  Let  the  pupils  be  required  to  demonstrate  these  principles  l^ 
using  symbols  of  any  numbers,  that  is,  by  letters. 

2.  French  authors  usually  represent  the  unknown  term  by  x  ;  the  same 
is  done  in  this  work. 

3.  Principle  1  may  be  demonstrated  by  showing  that  in  a  proportiou  we 
have  2d  term  x  ratio  :  2d  term  :  :  4th  term  x  ratio  :  4th  term ;  hi  which  we 
see  the  factors  in  the  means  are  the  same  as  the  factors  in  the  extremes. 

EXAMPIiES  FOH  FHACTZCE. 

Find  the  value  of  x  in  each  of  the  following  proportions : 
1.  $13  :  $2t  :  :  A-  :  9  qt.  Ans,  4J  qt. 

&•    5*8*»'^»'5'«  ^nS»  "yV* 

8.  -^  :  ^  :  :  S.b  :  x.  Ans.  3-^. 

4.  X  :  2.0\  :  :  .945  :  .5.  Ans.  3 J. 

5.  $2.50  :  $1.50  :  :  16^  yd.  :  x.  Ans.  9|yd. 

6.  5|yd.  :  ITJyd.  :  :  £1  :  x.  Ans.  £21. 

7.  11.34cwt.  :  1  cwt.  621b.  :  :  x  :  $4.05.     Ans.  $28.35. 

8.  a:  :  36  mi.  298  rd.  1  ft.  6  in.  :  :  6  h.  30  min  :  9  h.  45  min. 

Ans.  24  mi.  198rd.  4  yd. 
9.  Form  a  proportion  having  28  :  35  for  the  first  conplet. 
10.  Form  a  proportion  having  $4.80  and  56  yards  for  the 
means. 

APPLICATION  OF  SIMPLE  PROPORTION. 

T3T.  Simple  Proportion  is  employed  for  the  solution 
of  problems  in  which  three  of  four  quantities  are  given,  so 
related  that  the  fourth  may  be  determined  from  them,  by 
the  eqaaJity  of  the  ratios. 
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738.  The  required  quantity  must  bear  the  same  relation 
to  a  given  quaotity  of  the  same  kind  that  one  of  the  remain- 
ing quantities  does  to  the  other.  We  can  then  form  a 
proportion  containing  one  unknown  quantity,  and  find  the 
unknown  term  by  the  principles  of  proportion. 

NoTB. — Proportion  was  formerly  called  the  '*  Rule  of  Three."  Some  ot 
the  old  arithmeUcians  thought  so  highly  of  it  that  they  called  it  *'  The 
Golden  Rule  of  Three." 

1.  What  will  25  pounds  of  butter  cost  if  T  pounds  cost 

$2.45  ? 

Solution. — It  la  evident  operation. 

that  the  cost  of  25  lb.  bears  Cost  of  25  lb. :  $2.45  :  :  25  :  7 
the  same  relation  to  the  cost  S2  46X25 

of  7  lb.  that  25  lb.  bears  to  Cost  of  25  lb.  =  —-^^^^—  =  $8.76. 
7  lb.  hence  we  liave  the  pro-  ' 

portion,  cost  of  25  lb.  is   to 
$2.45  (the  eo8t  of  7  lb.)  as  25  lb.  is  to  7  lb.;  from  which,  by  Prin.  2,  w€ 

have,  eod  of  25  lb.  =^^^'^^^^=$8.75. 

7 

Solution  2d.— It  is  evi-  operation. 

dent  that  the  relation  of  7  lb.  ^h     lb        $ 

to  25  lb.  is  the  same  as  the  7*  j  25  : :  2.45  :  cost  of  25  lb. 

relation  of  the  coat  of  7  lb.  to  (to  45  v^  05 

the  cost  of  25  lb. ;  hence  we  Cost  of  25  lb.  ==^       J^       ==$8.7^ 

liave  the  proportion,  7  lb.  is  ' 
to  25  lb.  as  $2.45  (the  co8t  of 
7  lb.)  is  to  the  cost  of  25  lb.,  from  which  we  have,  by  Prin.  2,  cost  of  26 

Rule. — I.  Write  the  required  quantity  for  the  first  term 
and  the  similar  known  quantity  for  the  second  term,  and  place 
the  other  two  quantities  for  the  third  and  fourth  terms ^  so 
that  the  two  ratios  will  he  equal, 

II.  Find  the  first  term  by  dividing  the  product  of  the 

second  and  third  terms  by  the  fourth. 

Notes. — 1.  The  rule  given  will  state  the  method  of  the  2d  solution  liy 
merely  chansfing  the  number  of  the  terms.  Require  the  pupils  to  apply  H 
to  the  second  method. 

2.  Teachers  may  place  the  unknown  term  in  the  first  or  fourth  term,  aa 
they  prefer.  The  author  prefers  the  first  method,  the  law  of  reasoning 
beiiii;:  to  compare  the  unkno%nn  with  the  knoum. 

3.  Pupils  should  be  required  to  place  the  unknown  quantity  in  different 
terms,  that  the  subject  may  be  thoroughly  understood.  In  practice,  let  the 
unknown  term  be  represented  by  x. 

?.  If  6  acres  of  grass  keep  20  cattle  a  month,  how  raaiiv 
acres  will  keep  76  cattle  a  month  ?  Au^  V^\^^x^%. 
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8.  What  is  the  time  by  rail  from  Philadelphia  to  New  York, 
90  miles,  at  4  mi.  240  rd.  in  10  min.?       Ans,  3h.  9^miD. 

4.  How  much  will  57  cwt.  50  lb.  of  sugar  cost  at  the  rate 
of  22  cwt.  60  lb.  for  $121.50  ?  Ans.  $310.50. 

5.  How  high  a  staff  will  cast  4  ft.  6  in.  of  shadow,  when  a 
staff  2  ft.  9  in.  casts  a  shadow  1  ft.  6  in.  ?       Ans,  8  ft.  3  in. 

6.  A  does  a  job  in  24 1  days,  working  10  h.  a  day ;  in  what 
time  will  he  do  it  working  8  h.  a  day  ?  Ans,  31  days. 

7.  If  5  A.  120  P.  of  land  cost  $718.t5,  what  will  25  A.  40 
P.  cost  at  $25  less  an  acre  ?  Ans.  $2525. 

8.  If  321b.  SJ^oz.  of  drugs  cost  878.075,  how  much  will 
6  lb  8|  oz.  cost  ?  Ans,  $15.70. 

0.  If  £62  8s.  3d.  are  worth  $303.73,  how  many  dollars 
are  £409  11  s.  6  d.  worth  ?  Ans.  $19^3.19. 

10.  What  cost  11.631251b.  of  drugs,  if  26^  oz.  Avoirdupois 
cost  $76.35  ?  Ans.  $441.20—. 

11.  Find  the  mean  proportional  between  16  and  9;  also 
between  |  and  ^.  Ans.  12  ;  -^^ 

V2.  A's  fortune  is  $6000,  B's  is  2^  times  as  much,  and  C's 
a  mean  proportional  between  A's  and  B's  ;  required  C's. 

Ans.  $9000. 

13.  If  10  men  harvest  a  field  of  wheat  in  15  days,  how 
many  men  can  harvest  it  in  6  days  ?  Ans.  25  men. 

14.  A  bankrupt's  debts  are  $4500,  and  assets  $2000;  what 
will  be  received  for  a  claim  of  $1800  ?  Ans.  $800. 

16.  The  two  hands  of  a  clock  are,  together  at  12;  when 
are  they  next  together  ?  Ans.  b  min.  27Y^y  sec.  past  1. 

16.  If  a  cane  3  ft.  6  in.  long,  held  vertically,  casts  a  shadow 
2  ft.  8  in.  long,  how  high  is  a  tree  whose  shadow  is  at  the 
same  time  45  ft.  4  in.  long  ?  Ans.  59  ft.  6  in. 

17.  If  a  man  perform  a  journey  in  27  days  of  10  hours 
each,  how  many  days  will  it  take  him  of  12  hours  each  ? 

Ans.  22^  days. 

18.  A  man  borrows  $1800  and  keeps  it  2  yr.  6  mo. ;  how 
long  should  he  loan  $1500  to  return  the  favor  ?    Ans.  3  yr. 

19.  A  milkman  has  a  false  gallon  ^  pt.  too  small ;  what  is 
the  value  of  the  milk  he  sells  for  $154.40  ?     Ans,  $144.75. 
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20.  A  regiment  of  soldiers  are  25  in  rauk  when  thej  arc 
32  Iq  iile ;  bow  many  are  there  in  file  when  there  are  40  in 
rank  ?  •  Ans,  20  men. 

21.  If  5  men  can  do  the  brickwork  of  a  house  in  40  davs, 
how  many  men  must  be  added  to  the  number  to  do  it  in  25 
days  ?  .      Ans,  S  men. 

22.  Robert  has  30  seconds  start  in  a  foot-race,  and  runs  18 
rods  in  a  minute ;  how  long  will  it  take  Richard,  who  runs 
24  rods  in  a  minute,  to  overtake  him  ?       Ans.  1^  minutes. 

23.  The  distance  around  a  rectangular  lot  of  land  is  70 
rods,  and  the  length  is  to  the  breadth  as  3  to  2 ;  required 
the  length  and  the  breadth.  Ans,  21  and  14. 

'24.  Two  bodies,  one  weighing  12  lb.,  the  other  8  lb.,  attract 
oach  other  inversely  as  their  weights ;  if  the  smaller  body 
moves  35  ft.,  how  far  will  the  large  one  move  ?    Ans,  23^  ft. 

£5.  A  drover  has  119  horses  and  cows,  and  the  number  of 
horses  is  to  the  number  of  cows  as  |  to  f ;  how  many  has  he 
of  each  ?  Ans.  56  horses  ;  63  cows. 

26.  A  garrison  of  1500  men  has  provisions  for  12  months  ; 
how  long  will  the  same  provisions  last  if  the  garrison  is 
reinforced  by  300  men  ?  Ans,  10  months. 

27.  A  garrison  of  12,000  men  has  bread  enough  to  give 
each  soldier  16  oz.  a  day  for  120  days ;  how  long  will  it  last 
them  if  they  are  cut  down  to  12  oz.  a  day  ?  Ans,  160  days. 

28.  An  oarsman  can  row  a  boat  6  miles  an  hour,  and  he 
drives  his  boat  lift,  in  3  strokes  of  his  oar;  how  many 
strokes  are  made  in  a  minute  ?  Ans  144. 

29.  Required  the  quantity  of  flannel  J  yd.  wide,  necessary 
to  line  the  clothes  of  500  soldiers,  each  suit  containing  4^ 
yards  of  cloth,  1^  yd.  wide.  Ans.  3214^  yd. 

30.  A  grocer  has  a  false  balance  which  gives  14|  oz.  to  the 
pound ;  what  does  he  gain  by  it  in  selling  sugar  for  which  he 
receives  $258.56  ?  Ans.  $24.24. 

31.  A  boy  bought  200  eggs  at  the  rate  of  5  for  2  cents,  and 
then  sold  100  at  3  for  a  cent  and  the  rest  at  2  'br  a  cent;  did 
he  gain  or  lose,  and  how  much  ?         Ans,  Gained  3^  cents. 

32.  A  has  flour  worth  $7.75  a  barrel  and  ^Vi'a&^^ilwsL^wN.Xi 

22 
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$1.37^  a  bushel ;  now  if  in  excbaage  B  puts  his  grain  at  $1.28 
a  bushel,  what  should  A  charge  for  his  flour  ?  Ans.  $7.21^. 

38«  Two  cog  wheels,  oue  having  42  and  the  other  30  cogs, 
run  together;  in  how  many  revolutions  of  the  smaller  will  it 
gain  16  revolutions?  Ans,  56. 

34.  A  garrison,  has  food  to  last  6  months,  giving  to  each 
man  1  lb.  2  oz.  a  day ;  how  much  should  be  allowed  each 
man  daily  to  make  it  last  1  yr.  3  mo.?  Ans,  *l\  oz. 

35.  Henry  and  William  own  a  lot  of  land  worth  $770,  and 
2  times  Henry's  share  is  to  3  times  William's  as  8  to  9 ;  re- 
quired the  share  of  each."  Ans.  H's,  $440;  W's,  $330. 

36.  A  dealer  in  stock  bought  1270  head  of  cattle,  and  f  of 
the  number  of  horses  is  to  ^  of  the  number  of  cows  as  ^  is  to 
J  ;  required  the  number  of  each.  Ans,  640 ;  630. 

37.  A,  B,  and  C  have  $2947  ;  A's  money  is  4  times  G% 
and  B's  is  a  mean  proportional  between  A's  and  C's ;  required 
the  amount  of  each.  Ans.  $1684  ;  $842  ;  $421. 

38.  The  side  of  a  square  field,  as  measured,  contained  85 
rods  2|ft.,  but  it  was  afterward  found  that  the  chain  used  in 
measuring  contained  only  65  ft.  instead  of  4  rd.;  what  was  the 
true  distance  round  the  field  ?  Ans.  335  rd.  8^  ft. 

39.  Our  chapel  clock  is  set  at  12  o'clock  Monday  noon, 
and  on  Tuesday  morning  at  9  o'clock  it  had  lost  3  minutes ; 
what  will  be  the  correct  time  when  it  strikes  6  o'clock  the 
next  Thursday  evening?  Ans.  6  h.  11  min.  lO^j^  sec. 

40.  The  fore  wheel  of  a  wagon  is  8  ft.  6  in.  in  circumfer- 
ence and  the  hind  wheel  is  12  ft.  3  in. ;  how  many  times  does 
the  fore  wheel  turn  in  going  a  distance  in  which  the  hind 
wheel  turns  750  times  ?  Ans.  1080|^  times. 

41.  A  garrison  of  3500  men  has  provision  sufficient  to  last 
30  days  at  the  rate  of  1  lb.  4  oz.  a  day ;  how  large  a  reinforce- 
ment could  be  received  for  the  full  time  if  the  allowance  was 
reduced  to  14  oz.  a  day  ?  Ans.  1500  men. 

42.  A  garrison  of  8000  men  has  "  hard  tack"  sufficient  to 
last  8  weeks,  allowing  each  man  16  oz.  a  day;  but  280001b. 
having  been  spoiled,  what  will  be  each  man's  daily  allowance 
that  the  provision  may  last  the  eight  weeks  ?    Ans.  15  oz. 
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COMPOUND   PROPORTION. 

739.  A  Compound  Proportion  is  a  proportion  in  which 
cue  or  both  ratios  are  compound. 

740.Thu8,{J;8}::T:42and{3:j6J::|J:JJ 

are  examples  of  compound  proportion. 


1.  The  product  of  the  simple  ratios  of  the  first  couplet 
equals  the  product  of  the  simple  ratios  of  the  second  couplet. 

For,  the  value  of  a  compound  ratio  is  the  product  of  the  simple 
ratios,  aud  these  compound  ratios  are  equal,  since  a  proportion  expresses 
the  equality  of  ratios.  Thus,  from  the  second  of  the  above  propor- 
tions, we  have  i  X  i*\f  =  t  X  A- 

2.  The  product  of  all  the  terms  in  the  extremes  equals  the 
product  of  all  the  terms  in  the  means. 

For,  from  the  nature  of  proportion,  we  have  from  the  proportion 
above,  fXi^j  •=tXTi>  ^^d  clearing  of  fractions,  we  have  3x5x8x12 
=4x^x6x10,  which  by  examination,  we  see  is  the  product  of  the 
extremes  equal  to  the  product  of  the  means. 

3.  Any  term  in  either  extreme  equals  the  product  of  the 
means  divided  by  the  product  of  the  other  terms  in  the 
extremes. 

For,  since  from  the  proportion  above  we  have  3x5x8x12  =  4x6 

X6xlO,  we  will  have  3=  — i— -^ — To~f  ^^^  similarly  for  any  other 

oXoXl^ 
term  in  either  extreme. 

4.  Any  term  in  either  mean  equals  the  product  of  the 
extremes  divided  by  the  product  of  the  other  term^  in  the 
means. 

For,  from  the  above  proportion,  we  have  3x5x8x12  =  4x6x6x 

10,  hence  4=  — r — - — rr — ,  and  similarly  for  any  other  term  in  th« 
'  6X6X10    '  ^  ^ 

means. 

EXAMPLES    FOH    PRACTICE. 

Find  the  term  denoted  bj  x  in  each  of  the  following: 
1.  a;:  16  ::  j^gl  ^X  .  ^n«.  20. 
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.     (18:12)         (19:38)  .        _. 

*•   in:    x;=  =i-21:14;-  ^"*-  **■ 


APPLICATION  OF  COMPOUND  PROPORTION. 

741.  Gompound  Proportion  is  used  in  the  solatiou 
of  problems  in  which  the  required  term  depends  on  a 
compound  ratio. 

742.  The  Unknown  Quantity  in  simple  proportion 
depends  upon  the  relation  of  one  pair  of  similar  quantities; 
in  compound  proportion  it  depends  upon  two  or  more  pairs 
of  similar  quantities. 

Note. — Problems  in  compound  proportion  may  be  solved  by  two  oi 
more  simple  proportions,  or  by  analysis. 

I.  If  6  men  earn  $90  in  5  days,  how  much  will  8  men 
earn  in  9  days? 

Solution. — It  is  evident  operation. 

that  the  sum  that  8  men  can 
earn  in  a  given  time  is  to 
the  sura  that  6  men  can  earn 

in  that  time,  as  8  to  6,  and        The  sum  =??^<^  ^  |216,  Ans. 

also  the  sum  that  they  can  6x5 

earn  in  9  days  is  to  the  sum 

that  they  can  earn  in  5  davs,  as  9  is  to  5 ;  hence  the  sum  that  8  men  csm 

earn  in  9  days  is  to  $90  (the  sum  that  6  men  will  earn  in  5  days)  as  8 : 6 

and  9:5;   hence  we  have  the  proportion,  The  sum  :  $90  :  :<  o  !  k  }•  > 

from  which,  by  Prin.  3,  we  have.  The  sum  =  — - — - — ,  or  $216. 

Rule. — I.  Put  the  required  quantity  for  the  first  term 
and  the  similar  known  quantity  for  the  second  term,  ana 
form  ratios  with  each  pair  of  similar  quantities  for  the, 
second  couplet,  as  if  the  result  depended  upon  each  pair 
and  the  second  term, 

II.  Find  the  required  term  by  dividing  the  product  of  the 
means  by  the  product  of  the  fourth  terms. 

NoTR?. — 1.  Teachers  may  put  the  unknown  quantity  In  the  fourth  term 
mslead  of  the  first,  if  they  prefer  it.  The  method  of  solution  will  be  the 
same  In  principle,  and  the  rule  can  be  readily  changed  to  correspond  with  it. 


Thesum:$90::/Q:H. 
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2.  Pupils  should  be  required  to  solve  both  ways,  aud  to  give  the  rule  fui 
both  methods. 

2.  If  4*7  horses  eat  94  bundles  of  bay  in  36  days,  bow 
many  bundles  will  57  horses  eat  in  48  days  ?       Ans.  152. 

3.  If  25yd.  of  muslin  1  Jyd.  wide  cost  $1.25,  what  cost  27 
yd.  of  the  same  quality,  IJyd.  wide?  Ans.  $8.70. 

4.  If  1053  bricks.  Sin.  long,  4 in.  wide,  a^e  required  for  a 
walk  39  ft.  loDg,  6  ft.  wide,  how  many  bricks  will  be  required 
for  a  walk  144  ft.  long  and  8  ft.  wide  ?       Ans.  5184  bricks. 

5.  If  20  pipes,  each  delivering  18  gal.  a  minute,  fill  a  cis- 
tern in  3  h.  24min.,  how  many  pipes,  each  delivering  12  gal. 
a  minute,  will  fill  a  cistern  twice  as  large  in  4  h.  15  min.  ? 

Ans.  48  pipes. 

6.  A  farmer  has, a  bin  7  ft.  long,  5ft.  wide,  and  4ft.  deep, 
which  holds  1 12  bu.  of  corn ;  how  deep  must  he  make  another 
which  is  20  ft.  long  and  9  ft.  wide,  so  that  it  may  hold  864 
bushels  ?  Ans.  6  ft. 

7.  How  many  days  will  it  take  15  men  to  ciit  810  cords 
of  wood,  working  9  hours  a  day,  if  13  men  can  cut  364  cords 
in  14  days,  working  12  hours  a  day?  Ans.  36  days. 

8.  Required  the  cost  of  192  loaves  of  bread,  each  loaf 
weighing  7  oz.,  when  flour  is  worth  $12  a  barrel,  if  315 
loaves,  weighing  6  oz.  each,  cost  $16.20,  when  flour  is  $9  a 
barrel.  Ans.  $15.36. 

9.  If  $7486.50  be  paid  for  a  farm  of  150  A.  150  P.,  what 
will  be  the  cost  of  90  A.  75  P.,  if  6  acres  of  the  latter  be 
worth  5  of  the  former?  Ans.  $3739.37^. 

10.  How  many  men  will  be  required  to  dig  a  trench  450 
rods  long,  18  ft.  wide,  and  10  ft.  deep,  in  18  days,  if  45  men 
can  dig  a  trench  180  rods  long,  15  ft.  wide,  and  9  ft.  deep,  in 
12  days?  Ans.  100  men. 

11.  If  a  cistern  28ft.  long,  14ft.  wide,  lift,  deep,  hold 
512  barrels  of  water,  how  many  barrels  of  water  will  a 
cistern  hold  that  is  21  ft.  long,  8  ft.  deep,  and  11  ft.  wide? 

^728.  219^  bar. 

12.  If  13  men  can  cut  364  cords  of  wood  in  14  days  hy 
working  12  hours  a  day,  how  many  hours  a  dt^N  \«siL'^X^ 
men  work  to  cut  810  cords  in  *i&  daya'l  Au*.  '^  Vwvx^i.. 
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18.  If  24  pipes,  each  delivering  6  gal.  a  miaute,  fill  a  cis- 
tern 8  ft.  long,  6  ft.  wide,  aud  5  ft.  deep,  in  12ff  min.,  hoir 
many  pipes,  each  flowing  8  gal.  a  minute,  will  fill  a  cistern 
10  ft.  long,  1  ft  wide,  and  9  ft.  deep,  in  21^  minutes? 

Ans.  27  pipes. 

14.  What  cost  54  planks  35  ft.  long,  28  in.  wide,  and  5  in. 
thick,  if  42  planks  36  ft.  long,  25  in.  wide,  and  7  in.  thick, 
cost  $178  when  lumber  was  worth  ^  more  per  foot  ? 

Ans.  $138.44|. 

15.  The  first  couplet  of  a  compound  proportion  is  made  up 
of  the  ratios  5  :  15  and  4  :  16,  and  the  first  ratio  of  the  sec- 
ond couplet  is  4  :  12;  what  is  the  second  ratio,  if  the  antece- 
dent is  11  ?  ^718. 11  :  44. 

16.  The  first  couplet  of  a  compound  proportion  is  made  up 
of  the  ratios  5  :  15  and  4:16,  and  the  first  ratio  of  the  sec- 
ond couplet  is  4  :  12;  what  is  the  other  ratio,  if  the  antece- 
dents of  the  second  couplet  are  as  2  to  7  ?       Ans,  14  :  56. 

17.  If  6  compositors  in  18  days  of  12  hours  each,  set  up  27 
sheets  of  24  pages  each,  45  lines  on  a  page  and  48  letters  in 
a  line,  in  how  many  days,  10  hours  long,  can  7  compositors 
set  up,  in  the  same  type,  35  sheets,  16  pages  each,  51  lines 
to  a  page,  45  letters  in  a  line  ?  Ans,  17  days. 

18.  The  second  couplet  of  a  compound  proportion  consists 
of  the  simple  ratios  8  :  10  and  14  :  16,  and  the  antecedents 
of  the  first  couplet  are  as  9:7,  and  the  second  consequent 
#f  that  couplet  is  8 ;  required  the  ratios  of  the  first  couplet. 

Ans,  18 :  45  and  14  :  8. 

19.  The  first  couplet  of  a  compound  proportion  consists  of 
the  simple  ratios  7:11  and  8:14,  and  the  consequents  of  the 
second  couplet  are  as  7  :  11,  and  the  first  antecedent  of  that 
couplet  is  9  ;  required  the  ratios  of  the  second  couplet. 

Ans.  9  :  21  and  28  :  33. 

20.  If  27  men  in  18  days  of  10  hours  each  dig  a  ditch  180 
rods  long,  6  ft.  wide,  and  3  ft.  deep,  of  5  degrees  of  hardness, 
how  many  days  of  9  hours  each  will  it  take  45  men  to  dig  a 
ditch  300  rods  long,  8  ft.  wide,  and  4  ft.  deep,  of  7^  degrees 
of  hardness  ?  Ans,  53^  days. 
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PARTITIVE   PROPORTION. 

743.  Partitive  Proportioii  is  the  process  of  separating 
a  number  into  parts  which  bear  certain  relations  to  each 
other. 

•744.  There  are  several  cases  arising  from  the  various 
relations  which  may  exist  between  the  parts  into  which  a 
number  is  divided. 

Note. — The  method  of  solution  is  analytical,  and  no  rule  is  given. 

CASE   I. 

T45.  Jf^ien  ofie  part  is  a  number  tnore  or  less  than 
another, 

1.  Divide  48  into  two  parts  so  that  the  first  may  be  12 
more  than  the  second. 

Solution. — The  2d  part  plus  12  equals  the  operation. 

1st  part,  which,  added  to  the  2d  part,  equals  2  times  2d4-12  =  48 

2  times  the  2d  part, plus  12,  which  equals  48:  2  times  2d  =  36 

if  twice  the  2d,  plus  12  equals  48,  twice  the  2d  2d  =  18 

part  equals  48  minus  12,  or  36,  and  once  the  2g^__3Q 
2d  part  equals  J  of  36,  or  18,  and  the  second 
part  plus  12  equals  18  plus  12,  or  30. 

iT.  A  and  B  have  $20,000,  and  A  has  $1500  more  than  B ; 
what  is  the  fortune  of  each  ?     Ans.  A,  $10750  ;  B,  $9250. 

3.  A  man  divided  $50,000  among  his  three  sons,  giving 
the  first  $15,000  more  than  the  second,  and  the  second  85000 
less  than  the  third  ;  how  much  did  each  receive  ? 

Ans,  1st,  $25,000  ;  2d,  $10,000 ;  3d,  $15,000. 

4.  A  and  B  had  the  same  number  of  shares  of  Erie  ;  A  sold 
60  shares  and  B  bought  54  shares,  and  they  then  together 
had  144  shares;  how  many  had  each  at  first?         Ans.  75. 

o.  Four  young  men.  A,  B,  C,  and  D,  started  to  Europe 
with  $5000  ;  A  had  $57  more  than  B,  C  had  $65  less  than  D 
D  had  $98  more  than  B ;  how  much  money  had  each  ? 

Ans.  A  $1260;  B,$1203;  C,  $1236  ;  D,  $1301 

CASE    II. 

740*  }V1ien  one  2^tt'i*t  is  a  number  of  times  atu»<.Ke.v 
or  a  fractional  part  of  another. 
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1.  A  and  B  together  Lave  $680,  and  A  has  4  times  as  nioch 
as  B  ;  how  much  has  each  ? 

Solution. — Since  A's  share  equals  4  times  B's^  oPERATioir. 


B'8=130 
A8  =  544 

2.  Two  Western  farmers  together  had  9232  sheep,  and  3 
times  what  the  first  has,  minus  128,  equals  what  the  second 
has,  plus  240  ;  how  many  sheep  has  each  ? 

Ans.  1st,  2400 ;  2d,  6832. 

3.  Two  California  miners,  C  and  D,  sat  down  to  play  with 
$840  ;  C  lost  I  of  his  money  ;  D  then  lost  ^  of  what  he  then 
had,  when  it  was  found  that  C  had  |  as  much  as  D  ;  how 
much  had  each  at  first  ?  Ans,  C,  $800  ;  D,  $40. 

4.  A  Texan  farmer  owns  5169  cattle;  there  are  3  times 
as  many  horses  as  cows,  plus  569,  and  4  times  as  many  cows 
as  sheep,  minus  125  ;  how  many  has  he  of  each  ? 

Ans,  300  sheep ;  1075  cows ;  3194  horses. 

5.  Two  teachers,  Martha  and  Mary,  saved  $1100;  if 
Martha's  money  be  increased  by  $20,  and  Mary's  be  increased 
by  $24,  Martha's  will  equal  f  of  Mary's ;  how  much  had  each 
at  first?  Ans,  Martha,  $500;  Mary,  $600. 

CASE  III. 

T^IT.  fFhen  a  number  of  times  otie  part  eqtuUs  a 
number  of  times  another  part. 

1.  A  and  B  together  have  $483,  and  3  times  A's  share 
equals  4  times  B's  share ;  how  much  has  each  ? 

Solution. — Since  3  times  A's  share  equals  operation. 

4  times  B's,  once  A's  share  equals  |  of  B's,  B's4-4  of  B's  =  483 

and  adding  to  B's,  we  have  J  of  B's,  which  |  q£  g>g  __  ^g^ 

equalp  «rhai  both  have,  or  $483,  hence  J  of  B's  ?  ^r  T>»a  __   cq 

is  $69,  B's  is  $207,  and  As  $276.  *       g^g  _  207 

A's  =  276 

2.  On  a  Minnesota  prairie  there  arc  797  horses  and  cows, 
and  3  times  the  number  of  cows  equals  7  times  thlB  numbei 
of  horses,  minus  69 ;  how  many  are  there  of  each  ? 

Ans,  551  cows;  246  horses. 
9.  A  widow  dying,  divided  V\eT  pto\^gt\.^,  ^oxW^^^.Q^QCi. 
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among  her  three  sods,  A,  B,  aud  C  ;  what  was  the  share  ol 
each  if  I  of  A^s  equals  |  of  B^s,  and  J  of  B's  equals  f  of 
C's?  Ans,  A%  $24,000;  B's,  $20,000  ;  C%  $18,000. 

4.  Says  Mary  to  Martha,  **  1  see  that  we  together  have 
$60,  but  if  you  give  me  $9  and  I  then  give  you  $12,  three 
times  what  you  then  have  will  equal  twice  what  I  havej" 
how  much  had  each  ?  Ans,  Mary,  $39  ;  Martha,  $21. 

5.  Two  men  entered  business  with  a  united  capital  of 
$25,000  ;  subsequently  the  tirst  added  $760,  and  the  second 
took  out  $791,  and  then  ^  of  the  share  of  the  first  equaled  { 
of  the  share  of  the  second  ;  what  was  the  original  capital  of 
each  ?  Ans.  1st,  $12,029  ;  2d,  $12,971. 

CASE  IV. 

'748«  When  the  parts  are  to  each  other  as  two  or 
more  numbers. 

1.  The  sum  of  two  numbers  is  153 ;  what  is  each  number, 
if  they  are  to  each  other  as  8  to  9  ? 

Solution. — Since  the  numbers  are  to  each  other  operation. 

as  8  to  9,  if  we  divide  153  into  8  plus  9,  or  17  equal  84-9  =  17 

parts,  8  of  these  parts,  or  72,  equals  the  first,  and  9        ^yfOi\bZ=  9 
of  these  parts,  or  81,  equals  the  second.  T^  of  153  =  72 

xVofl53  =  81 

2.  Divide  the  reciprocal  of  the  fraction  |  into  two  parts, 
which  shall  be  to  each  other  as  the  reciprocals  of  the  frac- 
tions I  and  ^.  Ans.  |^  and  -^, 

3.  A,  B,  and  C  agree  to  pay  $1000  toward  building  an 
academy  which  is  to  be  situated  ^  of  a  mile  from  A,  |  of  a 
mile  from  B,  and  1^  miles  from  C  ;  how  much  does  each 
contribute,  provided  the  sums  are  in  proportion  to  the  recip- 
rocals of  the  distances  ?       Ans.  A,  $480  ;  B,  $360 ;  C,  $160. 

4.  A  man  divided  1015  acres  of  land  among  his  wife,  son, 
and  daughter  ;  the  wife's  share  plus  35  acres  was  to  the  son's 
share  as  5  to  6,  and  the  son's  share  minus  35  aeres  was  to 
the  daughter's  share  as  5  to  6  j  required  the  share  of  each. 

Ans.  Wife,  265  ;  son,  360 ;  daughter,  390. 

5.  A  and  B  constructed  2427  miles  of  railroad,  and  4  times 
the  number  of  miles  A  made,  plus  48  \i\\\e'a,  \^  \a^  ^  *C\\css>.^ 
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the  number  B  made,  minus  40  miles,  as  |  to  |^ ;  how  much 
did  each  construct?  Ans,  A,  1276  mi. ;  B,  1152  mi. 

6.  Emma's  fortune  plus  ^  of  Frances's,  which  equals  |  of 
Emma's,  is  $15,000;  and  if  the  sum  of  Emma's  and  Fran- 
ces's be  divided  in  the  proportion  of  |  to  f,  it  will  respect- 
ively give  I  of  George's  and  ^  of  Henry's  fortune ;  required 
the  fortune  of  each. 

Ans.  E,  $9,000;  F,  $1,500;  G,  $11,250;  H,  $11,250. 

CONJOINED   PROPORTION. 

749.  Conjoined  Proportion  is  the  process  of  compar- 
ing numbers  so  related  that  each  consequent  is  of  the  same 
kind  as  the  next  antecedent. 

750.  The  method  of  treatment  is  analytical,  and  presents 
one  of  the  best  illustrations  of  the  beautiful  process  of  Arith- 
metical Analysis. 

Note. — Arbitration  of  Exchange,  which  has  already  been  treated,  is  ah 
application  of  Conjoined  Proportion. 

I.  How  many  cents  are  20  melons  worth,  if  6  melons  are 
worth  12  oranges,  and  8  oranges  are  worth  24  cents? 

Solution. — If  8  oranges  are  worth  oi*eratton. 

24  cents,  1  orange  is  worth  i  of  24  i8o.xY><24  =-  120,  Ans, 

cents,  and  12  oranges  are  worth  12 

times  \  of  24  cents,  or  ^^  of  24  cents : 

if  6  melons  are  worth  V^X24  cents,  1  melon  is  worth  J  of  ■y^x24  ceiit8, 

and  20  melons  are  worth  20  times  ^X  rX24  cents,  which  is  ^5*^X^X24 

cents,  which,  reduced  by  cancellation  and  multiplication,  equa&   120 

cents. 

Solution  2d. — We  will  represent  the  operation. 
term  we  wish  to  find  by  «.     Now,  if  we  24  cents      -8  oranges, 
arrange  the  quantities  so  that  each  stands  j  2  oranges  -  6  melons, 
opposite  Its  equivalent,  as  in  the  margin,  20  melons  -  x 
the  product  of  the  terms  in  the  first  col- 
umn will  equal  the  product  of  the  terms       24  X 12X20 

in  the  second  column ;  hence  the  product  ^  —        8><6       —         -«^W5. 

of  the  terms  in  the  first  column,  divided 

by  the  product  of  ail  the  terms  in  the 

aecond  column  except  x,  will  give  the  value  of  x.    Hence  the  following 

Rule. — I.  Place  the  antecedents  in  one  column  and  the 
consequents  in  another,  with  a  hyphen  between  them, 

II.  Divide  the  product  of  the  terms  in  the  column  con- 
iaining  the  odd  term  by  the  product  of  the  terms  in  the  other 
column. 
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2.  How  much  will  150  horses  cost,  if  10  horses  are  worth 
24  cows,  3  cows  are  worth  18  sheep,  16  sheep  are  worth  16 
pigs,  aud  20  pigs  are  worth  $100?  Ans.  $10,125. 

3.  In  a  cotton  factory  it  was  found  that  6  men  do  as  much 
as  8  boys,  and  6  boys  do  as  much  as  9  girls ;  how  many  girls 
will  be  required  to  do  as  much  as  54  men?  Ans.  108. 

4.  A  can  do  3  times  as  much  in  a  day  as  B,  and  B  can  Jo 
4  times  as  much  as  C ;  in  how  many  days  can  A  do  as 
much  as  C  can  do  in  12  days?  Ans.  I  day. 

5  A  can  do  2  times  as  much  as  B  in  a  day,  B  can  do  3 
times  as  much  as  C,  C  can  do  2  times  as  much  as  D,  and  D 
can  do  ^  as  much  as  E ;  in  what  time  can  E  do  as  much 
as  A  does  in  24  days  ?  Ans,  2^  days. 

6.  If  A  can  do  |  as  much  in  a  day  as  B,  B  can  do  f  as 
much  as  C,  and  C  can  do  ^  as  much  as  D ;  in  what  time  can 
D  do  as  much  work  as  A  does  in  16  days  ?  Ans,  6f  days. 

7.  If  54  shillings  in  Vermont  equaled  72  shillings  in  New 
York,  and  56  shillings  in  New  York  equaled  35  shillings  in 
Canada,  and  40  shillings  in  Canada  equaled  60  shillings  in 
Pennsylvania,  how  many  shillings  in  Pennsylvania  were 
equal  to  50  shillings  in  Vermont?  Ans,  62s.  6d. 

8.  If  A  earns  as  much  in  6  mouths  as  B  does  in  9  months, 
and  B  as  much  in  2^  months  as  C  does  in  3^  months,  and  C 
as  much  in  8  months  as  D  in  6  months,  in  what  time  could 
D  earn  as  much  as  A  earns  in  f  of  a  year  ?   Ans.  14^  mo. 

9.  If  10  bushels  of  wheat  are  worth  12^  bushels  of  rye, 
and  4|  bushels  of  rye  are  worth  6|^  bushels  of  corn,  and  9 
bushels  of  corn  are  worth  12  bushels  of  oats,  and  16}  bush- 
els of  oats  are  exchanged  for  50  pounds  of  sugar,  how  many 
pounds  of  sugar  could  you  obtain  for  38  bushels  of  wheat  ? 

Ans.  272  pounds. 

10.  If  6  bushels  of  wheat  in  Philadelphia  are  worth  7 
bushels  at  Pittsburgh,  aud  15  bushels  at  Pittsburgh  are 
worth  20  in  Chicago,  and  25  bushels  in  Chicago  are  worth 
30  in  Omaha,  and  25  in  Omaha  are  worth  20  in  San  Fran- 
cisco, how  many  bushels  in  San  Francisco  will  be  worth  4U 
bushels  in  Philadelphia  ?  Aua.  ^^\\\i\i.^^'*». 
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MEDIAL   PROPORTION. 

751.  Medial  Proportion  is  the  process  of  combining 

two  or  more  quantities  of  different  values. 

7SI3.  The  Mean  Value  is  the  average  value  of  the  com- 
bination. 

Note. — The  subject  has  been  called  AUigatUmf  from  alligo,  I  bind,  s 
name  su^ested  by  the  method  of  linking  the  figures  with  a  line  in  solving 
the  problems.  Case  I .,  as  here  presented,  was  billed  AUigatUm  Medial^  and 
the  other  cases,  Alligation  Alternate. 

CASE   I. 

7*S3«  Oiven,  tlie  quantity  and  the  value  of  each  in~ 
ffi'edient,  to  fin'i  the  mean  value, 

1.  A  grocer  mixed  20  lb.  of  sugar  worth  10  cents  a  pound, 
251b.  at  12  cents,  and  30  lb.  at  15  cents  a  pound;  what  is 
the  mean  value  of  the  mixture  ? 

OPERATION. 

Solution.— 20  lb.  at  10  cents  a  pound  cost  200  jjj^        m        ^ 

cents,  25  lb.  at  12  cents  cost  300  cents,  30  lb.  at  15  20'  ^  10  =:  200 

cents  cost  450  cents  ;  taking  the  sum,  we  find  that  25  w  12  =  300 

75  lb.  cost  950  cents  ;  hence  1  lb.  cost  7^  of  950  30  ®  15  =  450 

cents,  which  is  12§  cents  ;  hence  the  mean  value  —  ^rr: 

of  the  mixture  is  12ict.  '%960(12f 

Rule. — Find  the  sum  0/  the  values  0/ the  ingredients  and 
divide  it  by  the  sum  0/  the  ingredients, 

1\  A  merchant  mixed  24  lb.  of  tea  at  60/  a  pound,  35  lb. 
at  80/,  and  61  lb.  at  120/  ;  what  is  the  mean  value  of  the 
mixture?  Ans,  96^^. 

8.  A  person  mixed  24  gal.  of  brandy  at  $2.10,  36  gal.  at 
$2.60,  and  40  gal.  at  $3.30,  with  20  gal.  of  water;  what  was 
the  value  of  a  gallon  of  the  mixture  ?  Ans.  $2.30. 

4.  A  smith  combined  12  oz.  of  20  carats  fine,  15  oz.  18 
carats  fine,  24  oz.  22  carats  fine,  with  9oz.  pure  gold;  re- 
quired the  fineness  of  the  mixture.  Ans  20^  carats. 

5.  On  a  certain  day  the  thermometer  ranged  at  64°  from 
6  o'clock  to  9,  at  76°  from  9  to  12,  at  85°  from  12  to  3,  and 
ai  68°  from  3  to  6  ;  what  was  the  average  temperature  ? 

Ans,  73i° 
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6.  A  person  mixed  15  gal.  of  alcohol  80%  strong,  12 gal 
90%  strong,  23  gal.  60%  strong,  and  20  gal.  70%  strong; 
what  is  the  strength  of  the  mixture?  Ans,  72^%. 

7.  Find  the  specific  gravity  of  a  compound  of  20  lb.  copper, 
specific  gravity  Y|;  101b.  of  zinc,  specific  gravity  6J;  and 
Jib.  silver,  specific  gravity  lOJ.  Ans,  If}. 

CASE  II. 

734.  Given,  the  mean  value  and  the  value  of  each 
ingredient,  to  find  the  proportional  quantity  of  each. 

I.  What  relative  quantities  of  sugar,  worth  6,  1,  12,  and 
15/  a  pound,  must  be  taken  to  form  a  mixture  worth  10/  a 
pound? 

Solution. — If  we  take  1  lb.  at  operatioi^  Am. 

6  cents  for  the  mixture  worth 
10^,  we  gain  on  it  4^,  and  to 
gain  1  cent  we  would  take  ^  of  a 
pound.  If  we  take  1  lb.  at  15^, 
we  will  lose  5^,  and  to  lose 
1  cent,  what  we  have  iust  gained, 
we  would  take  ^Ib.;  hence  we  take  1  lb.  at  6^  as  often  as  \\h,  at  15;^, 
or  in  whole  numbers,  20  times  1,  wnich  is  5  of  the  first,  as  often  as 
20  times  |,  which  is  4  of  the  fourth.  In  a  similar  manner,  we  find  that 
we  must  take  21b.  at  7,^,  as  often  as  3  lb.  at  12^;  hence  the  quantities 
may  be  mixed  in  the  proportion  of  5,  2,  3,  and  4. 

Rule . — I.  Write  the  several  prices  or  qualities  in  a  column, 
and  the  mean  price  or  quality  of  the  mixture  at  the  left, 

II.  Select  two  quantities^  the  one  less  and  the  other  greater 
than  the  average,  write  the  reciprocals  of  the  difference 
between  each  quantity  and  the  average  opposite  the  quantity , 
and  reduce  these  to  integers  by  multiplying  by  the  least 
common  denominator,  and  proceed  in  the  same  manner 
until  all  the  prices  have  been  used, 

III.  Add  two  or  more  proportional  numbers  if  they  stand 
opposite  a  given  quantify;  the  results  will  be  the  proportional 
numbers  required. 

Notes. — 1.  When  there  are  three  quantities,  compare  tJu  one  which  w 
greater  or  less  than  the  average  with  both  the  others,  and  take  the  sum  of 
tlie  two  numbers  opposite  this  one. 

2.  A  common  factor  may  be  inserted  in  any  couplet  or  omitted  from  it 
without  changing  the  proportional  parts ;  it  is  thut  teen  that  there  may  bt 
any  number  of  answert  in  the  8am£  proportion. 
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2*  A  merchant  has  three  kinds  of  niuslin  worth  16,  18,  and 
25cts.  a  yard;  how  manj  yards  must  he  sell  from  each  that 
the  price  may  average  20cts  ?       Ans,  5  yd. ;  5yd.;  6  yd. 

8.  A  silversmith  combines  gold  of  16^  carats,  17^  carats, 
and  22^  carats,  with  pure  gold  to  make  a  mixture  of  20 
carats  ;  in  what  proportion  should  he  combine  them  ? 

Ans.  8;  15;  16;  7. 

4.  What  relative  quantities  of  alcohol  78%,  82%,  89%, 
92%,  and  98%,  must  be  taken  to  form  a  mixture  which 
shall  be  86%  strong?  Ans.  3;  6;  4;  2;  2. 

5.  A  goldsmith  wishes  to  mix  gold  |  pure,  f  pure,  and  -f^ 
pure,  to  make  a  mixture  |  pure ;  required  the  proportion  of 
each  quantity.  Ana,  3  lb. ;  3  lb. ;  20  lb. 

6.  A  man  has  a  sum  of  money  consisting  of  1-cent,  3-cent, 
5-cent,  25-cent,  and  50-cent  pieces,  which  he  wishes  to  ex- 
change for  10-cent  pieces ;  what  is  the  relative  number  of 
pieces  of  each  exchanged  ?  Ans,  40  ;  15  ;  8  ;  7  ;  10. 

7.  In  what  proportion  must  I  mix  gold  and  silver  whose 
specific  gravities  are  19 J  and  10^  respectively,  to  make  a 
compound  whose  specific  gravity  shall  be  15f  ? 


CASE  ni. 

79S.  Given f  the  tnean  value,  the  value  of  each  in-- 
(fredientf  and  tlie  relative  amounts  of  two  or  mare, 
to  find  the  quantity  of  each, 

1.  A  man  bought  sheep  at  $8,  cows  at  $35,  oxen  at  $60, 
and  horses  at  $150 ;  the  sheep  were  to  the  cows  as  3  to  2, 
and  the  price  averaged  $50 ;  required  the  number  of  each. 

Solution. — We  find  by  operation.  Ans, 

Ca«e  Il.jthat  the  sheep  and 
oxen  were  as  5  to  21,  and 
the  cows  and  the  horses  as 
20  to  3;  and  since  the 
sheep  are  to  be  to  the  cows 
as  3  to  2,  we  must  have  6 
times  5.  or  30  sheep ;  and  since  there  must  be  21  oxen  to  5  sheep  there 
must  also  be  6  times  21,  or  126  oxen. 

Rule. — I.  Find  the  proportional  quantities  by  Case  II, 
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II.  Multiply  each  of  the  proportional  parts  by  numbers 
which  will  produce  the  required  pi^oportions. 

2.  I  have  some  3-eent,  5-cent,  25-eeut,  and  50-eent  pieces, 
which  I  wish  to  exchange  for  their  value  in  10-cent  pieces; 
hour  many  of  each  will  it  take,  if  the  3-cent  and  5-cent  pieces 
are  in  the  proportion  of  5  to  6?  Ans.  40  ;  48  ;  16  ;  7. 

3.  A  farmer  boup^ht  pigs  at  $4^,  sheep  at  $5J,  and  calves 
at  %*l\ ;  he  sold  them  at  an  average  of  $6  ;  how  many  were 
there  of  each,  if  the  number  of  sheep  and  pigs  were  in  the 
proportion  of  2  to  3?  Ans,  48;  32;  75. 

4.  Having  gold  |  pure,  f  pure,  and  |  pure,  I  wish  to  make 
two  mixtures  of  them  ^  pure,  the  first  to  contain  equal  quan- 
tities of  the  first  and  second  kinds,  and  the  second  equal 
quantities  of  the  second  and  third ;  what  are  the  required 

proportions?  .       J  1st,    9,9,2. 

"^^^-  |2d,  13,  6,  6. 

5.  A  merchant  having  teas  worth  $|,  $f,  $1^,  and  $1^ 

respectively,  wishes  to  make   six  mixtures  at  $1  a  pound, 

the  first  containing  equal  quantities  of  the  1st  and  2d,  the 

second  equal  quantities  of  the  1st  and  3d,  the  third  equal 

quantities  of  the  1st  and  4th,  the  fourth  equal  quantities  of 

the  2d  and  3d,  the  fifth  equal  quantities  of  the  2d  and  4th, 

and  the  sixth  equal  quantities  of  the  3d  and  4th. 

.        (1st,  12,  12,  8,  9;  2d,  4,  6,  4,  3 ;  3d,  6,  12,  6,  6; 
^^^-  (4th,  12,  12,  12,  6;  5th,  4,  3,  2,  3;  6th,  8,  9,  6,  6. 

CASE  IV. 
79B.  Oiven,  the  mean  value,  the  value  of  each  in* 
(/retlient,  and  the  quantity  of  one  or  rnore,  to  find  the 
other  quantities. 

1.  A  farmer  bought  30  sheep  at  $12  each;  how  many 
must  he  buy  at  $5  and  $6  each,  so  that  they  may  average 
$9  each  ? 

Solution. — We  find  by  Case  II.,  operation. 

that  the  number  at  $5  and  $12  are  ^5181      13^  i\S 

as  3  to  4,  and  at  $6  and  $12  are  as         gl    g        NjC.wg__l    g- 
1  to  1 ;   hence,  as  often  as  he  buys  #12     4     151  f  30 

3  at  $5  and  1  at  $6,  he  will  buy  ^       i      i      i     -^  ^ 

4+1,  or  5,  at  |12;   but  he  bought 

30,  which  is  6  times  5,  at  $12 ;    hence  he  mxist  Wn  ^  Xax^ra  ^,  Qt  X^.  ^ 
|>5,  and  6  times  1,  or  6^  at  $6. 
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Rule. — I.  Find  the  proportional  quantities  by  Case  IL 
II.  Divide  the  given  quantity  by  the  proportional  quantity 
limitedy  and  multiply  each  of  the  other  proportional  quanti- 
ties by  the  quotient. 

2.  A  drover  sold  some  hogs  at  $10,  some  sheep  at  $6,  and 
80  cows  at  $45  a  head  ;  the  average  price  was  $20 ;  how  many 
hogs  and  sheep  were  there?         Ans,  25  hogs;  125  sheep. 

3.  How  many  railroad  shares,  at  45%,  50%,  and  65%, 
must  I  huy  so  that  with  my  130  shares  at  70%,  the  average 
price  may  be  58%  ?  Ans.  120;  70;  80. 

4.  A  merchant  mixed  761b.  of  tea  worth  $1.25,  and  341b. 
worth  $1.12^,  with  that  worth  $0.95  and  $0.80;  how  much 
did  he  take  of  each,  if  the  average  price  was  $1  ? 

Ans.  85 ;  95. 

5.  I  mixed  2  gal.  2  qt.  of  water  with  19  gal.  3qt.  of  acid ; 
the  mixture  has  20%  more  acid  than  desired ;  how  much 
water  will  reduce  it  to  the  required  strength  ? 

Ans.  4  gal.  If  qt. 

6.  A  jeweler  has  2  pwt.  8  gr.  of  gold  16^  carats  fine,  and 
2  pwt.  16  gr.  18f  carats  fine  ;  how  much  pure  gold  must  be 
added  to  make  a  mixture  of  20  carats  fine  ?  Ans.2  pwt  21  gr. 

CASE    V. 
TST.  CriveUf  the  mean  value,  the  value  of  each  in^ 
ffvedient,  and  the  entire  quantity,  to  find  tJie  quantity 
of  each  ingredietit, 

1.  A  person  has  a  sum  of  money  in  3-cent,  5-cent,  25-cent, 
and  50-cent  pieces,  which  he  wishes  to  exchange  for  10-ceot 
pieces;  how  many  will  it  take  of  each,  if  there  are  306  in  all  I 

Solution. — We  find  bv 

ft 

Case  II.,  that  we  must  have 

40  three-cent  pieces  as  often  f    3 

as  7  fifty-cent  pieces,  and     -.q)     5 


OPERATION. 
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also  3  five-cent  pieces  as  ]  25 

often  as  one  25-cent  piece.  V  50 

Taking  the  sum  of  these 

we  have  51  in  all ;  but  we 

wished    306,  which    is  6 

times  51,  hence  we  must 

take  6  times  as  many  of  each,  which  gives  res|)ectively  240,  18,  6,  and  42^ 

Rule. — I.  Find  the  proportional  quantities  by  Case  II 
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II.  Divide  the  required  quantity  by  the  sum  of  the  pro- 
portional quantitieSf  and  multiply  each  proportional  quan- 
tity by  the  quotient, 

N0TE8. — 1.  When  the  sum  of  the  proportional  parts  is  not  an  exact  divi- 
sor of  the  quantity',  each  couplet  must  be  multiplied  by  such  numbers  as 
v\  ill  make  the  sum  of  the  proportional  parts  a  divisor  of  the  entire  quantity. 

2  li"  in  the  above  problem,  we  had  110  j^eces,  we  would  multiply  Col. 
6  by  2  and  add  the  result  to  Col.  a,  obtaining  55,  and  then  multiply  by  2.  If 
we  had  212  pieces,  we  would  take  2  times  Col.  a  plus  3  times  Col.  6, and 
multiply  by  2. 

2.  A  man  mixed  teas  worth  40/,  52/,  65/,  and  72/  a 
pound,  making  a  mixture  of  1261b.  worth  60/  a  pound; 
how  much  did  it  take  of  each  kind  ?      Ans.- 18,  30,  48,  30. 

S.  A  man  bought  140  head  of  poultry  for  $56 ;  hens  at 
20/,  ducks  at  35/,  geese  at  50/,  and  turkeys  at  75/ ;  how 
many  did  he  purchase  of  each  kind?      Jn.s.  70,  20,  10,  40. 

4.  A  broker  bought  220  shares  of  stock  ($50)  at  an  aver- 
age advance  of  10%;  some  at  a  discount  of  6%,  some  at  a 
discount  of  2%,  some  at  an  advance  of  16%,  and  some  at  an 
advance  of  20%;  how  many  shares  did  he  buy  of  each  kind  ? 

Ans,  50,  30,  60,  80. 

0.  A  man  has  $155  in  lO-cent  pieces  which  he  wishes  to 
exchange  for  3-cent,  5-cent,  25-cent,  and  50-cent  pieces 
respectively  ;  how  many  of  each  kind  will  it  take  ? 

Ans,  750,  400,  350,  50. 
G.  A  banker  bought  100  shares  of  stock  ($50)  at  an  aver- 
age of  10%  below  par,  and  sold  it  at  an  average  of  10% 
above  par ;  some  at  a  discount  of  20%,  some  at  a  discount 
of  15%,  some  at  par,  and  some  at  a  premium  of  15%;  re- 
quired the  number  of  each  kind.  Ans.  4,  8,  8,  80. 

PROBLEMS  IN  INDETERMINATE  ANALYSIS. 
758.  There   is   a  class   of  problems   in    Indeterminate 
A  nalysis  which  can  be  readily  solved  by  the  process  of  the 

last  case. 

Note. — Several  of  these  problems  have  more  than  one  answer.  Pupils 
6hould  be  required  to  ascertain  several  results,  even  when  but  one  is  given. 

1.  A  person  purchased  100  animals  for  $100  ;  sheep  at  $3^ 
apiece,  calves  at  $1^,  and  pigs  at  $i  ;  how  many  animals  did 
he  buy  of  each  kind  ? 
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OPERATION. 
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Solution. — We  find  by  Case 
II.,  that  we  must  buy  1  sheep 
for  every  5  pigs,  ancl  3  calves 
for  2  pigs.  We  now  wish  to 
combine  these  columns  in  such 
a  way  as  to  obtain  100  ani- 
mals. By  inspection  we  see 
that  we  may  take  5  times  col- 
umn a,  giving  column  c,  and  14  times  column  b,  giving  column  d  ; 
tlie  sum  of  wliich  gives  column  e.  Hence  there  were  5  sheep,  42  calves, 
and  53  pigs. 

2.  A  farmer  bought  100  animals  for  $100  ;  geese  at  $^ 
each,  pigs  at  $3,  and  calves  at  $10;  how  many  animals  were 
there  of  each  kind  ?  Ans.  94,  1,  5. 

3.  A  lady  bought  10  books  of  three  diflerent  kinds  for 
$30;  the  first  kind  cost  $4^  each,  the  second  $2^,  and  the 
third  $2;  required  the  number  of  each.  Ans.  4,  2,  4. 

4.  i  man  bought  20  birds  for  20  pence,  consisting  of 
pigeons  at  4  pence,  grouse  at  ^  penny,  and  larks  at  \  penny 
each ;  how  many  were  there  of  each  kind  ?    Ans.  8,  15,  2. 

5.  A  woman  bought  12  loaves  for  12  pence  ;  some  were 
two-penny,  others  penny,  and  the  rest  farthing  loaves;  what 
number  was  there  of  each  sort?  Ans.  3,  5,  4. 

6.  A  farmer  buys  oxen,  sheep,  and  ducks,  100  in  all,  for 
£100  ;  required  the  number  of  each,  if  the  oxen  cost  £5,  the 
sheep  £1,  and  the  ducks  1  shilling.  Ans,  19,  1,  80. 

7.  A  person  wishes  to  purchase  20  animals  for  £20,  sheep 

at  31  shillings,  pigs  at  11  s.,  and  rabbits  at  1  s.  each;  how 

many  of  each  kind  will  he  buy  ?         T  Sheep,    10,  11,   12. 

Ans.  ■<  Pigs,         8,     5,     2. 
(Kabbits,  2,     4,     6. 

8.  A  person  buys  100  head  of  cattle  for  £100;  viz.,  oxen 
at  £10,  cows  at  £5,  calves  £2,  and  sheep  at  10  s.  each  ;  how 
many  were  there  of  each  ? 

(  Oxen,      1,     1,     1,     1,     1,     1,     1,     1,     4,     4. 

An^    J  ^^^«'      1'     2,     3,     4,     5,     6.     1,     8,     1.     2. 

'^"'^'     ]  Calves,  24,  21,  18,   15,   12,     9,     6,     3,     5,     2. 

(  Sheep,   14,  76,  78,  80,  82,  84,  86,  88,  90,  92. 

Note. — The  4th  and  8th  problems  are  from  Euler's  Algebra ;  the  5th^ 
from  Simpson's  Algebra ;  the  6th  from  Todhunter's  Algebra ;  and  the  7th 
from  Key  to  Ray's  Algebra. 
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PARTNERSHIP. 

T59«  Partnership  is  the  associatioa  of  two  or  more 
persons  for  the  traosactioa  of  business. 

TOO*  Partners  are  the  persons  associated  in  business, 
and  are  of  three  kinds,  General^  Limited,  and  Special. 

701.  The  Capital  of  a  firm  is  the  money  or  property 
Id  nested  by  the  partners.     The  Liabilities  are  its  debts. 

702.  The  Resources  or  Assets  of  a  firm  are  its  prop- 
erty of  any  kind,  together  with  the  amounts  due  it.  The 
excess  of  resources  over  liabilities  is  called  the  Net  Capital, 

T03.  Partnership  is  divided  into  Simple  and  Coni' 
pound  Partnership  for  convenience  of  treatment. 

General  Parttiers  risk  their  whole  property  in  the  business ;  Limited 
and  Special  Partners  risk  only  the  amount  of  capital  they  agree  to  con- 
tribute. Partners  whose  names  do  not  appear  are  sometimes  calle<' 
Silent  Partners. 

SIMPLE  PARTNERSHIP. 

704.  In  Simple  Partnership  the  shares  of  the  partners 
are  employed  for  equal  periods  of  time. 

1.  A,  B,  aud  C  went  into  partnership;  A  put  in  $600 ;  B 

put  in  $800;  and  C  put  in  $1000;  they  gained  $480;  what 

was  each  one's  share  of  the  gain  ? 

Solution. — The  entire  capital  operation. 

I,  $2400.    Since  A  put  in  $600,  jgOO      ,m=  i,  A's  share, 

lie  furnished  AVi.  or  \  of  the  goO      ^A\  =  l,  B's  share. 

capital,  and  hence  should  have  \  ^c^n(\      lAlfi _P    (^a  akQi*o 

of  "^$480,  or  $120 ;    B  furnished  ^^      ^     ^ 

jYA»  or  J  of  the  capital,  and  $2400  =  Stock. 

hence  should  have  i  of  $480,  or  \  of  $480  =$120,  A's  share. 

$160 ;  and  C  should  have  -^^  of  J  of  $480  =  $160,  B's  share. 

$480,  or  $200.  ^^  of  $480  =  $200,  Cs  share. 

Rule. — Divide  the  gain  or  loss  among  the  partners  in  pro* 
portion  to  their  shares  of  the  stock. 
Note. — The  division  may  be  made  by  analysis,  or  by  Simple  Proportion. 

2.  Three  persons  enter  into  partnership  with  $12,000,  of 
which  A  owns  ^,  B  ^,  and  C  the  remainder  ;  they  gain  $900  ; 
what  sum  belongs  to  each  ? 

A  MS.  A,  ^450  \  ^ ,  ^^^^  \  ^ ,  V^^' 
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8.  A  man  wills  SS'tQO  to  his  daughter,  $3500  to  his  son, 
and  $4000  to  bis  wife ;  but  upon  settling  his  estate  his  fortuae 
was  fouud  to  be  only  $8400 ;  how  should  the  property  be 
divided?  Ans.  D.,  $2400;  «.,  $2800;  W.,  $3200. 

4.  A,  B,  and  C  entered  into  a  partnership  with  a  capital 
of  $8080;  A's  gain  was  $1640,  B's  $1500,  and  O's  $900; 
required  each  person's  stock. 

Ans.  A's,  $3280;  B's.  $3000;  C's,  $1800. 

5.  Four  men  agree  to  share  120  gallons  of  wine,  A  taking 
L  B  :^,  C  ^,  and  D  ^;  but  upon  drawing  ofif  these  parts  there 
is  still  a  remainder ;  how  should  the  wine  be  divided  f 

Ans.  A,  423^gal.;  B,  Sl^gaL;  C,  2b^g^U  D,  2l^g9.\. 

6.  A,  B,  and  C  in  partnership  gained  $2520;  A's  stock 
was  $4800,  B's  $7200,  and  C's  gain  $840;  required  C'a 
stock,  and  A's  and  B's  gain. 

Ans.  A,  $672;  B,  $1008;  C's  stock,  $6000. 

7.  A,  B,  and  C  have  a  capital  of  $54,000;  at  the  time  of 
closing  up  business,  A  has  $40,000,  B  $32,000,  C  $24,000, 
what  was  each  one's  original  stock  ? 

Ans.  A,  $22,500;  B,  $18,000;  C,  $13,600. 

8.  Three  men  purchase  a  tract  of  land  for  $15,000,  of 
which  A  pays  $6000 ;  they  sell  at  such  a  price  that  B  gains 
$750.20  and  C  $937.75 ;  how  much  do  B  and  C  pay,  and 
what  is  A's  gain? 

Ans.  B,  $4000;  C,  $5000.;  A's  gain,  $1126.30. 

9.  A,  B,  and  C  form  a  company  for  manufacturing  coal 
oil;  A  puts  in  $14,000,  B  $16,000,  C  $8000;  C  receives  a 
salary  of  $2000  for  personal  attention  to  the  business,  while 
the  expenses  during  the  year  are  $3500,  and  their  receipts 
are  $9,500 ;  what  does  each  partner  receive  ? 

Ans.  A,  $1473.68^^;  B,  $1684.21^;  C,  $2842.10|f. 

10.  A,  B,  and  0  speculate  in  flour;  A  contributes  500 
barrels  @  $9.50,  B  700  barrels  @  $10,  and  C  800  barrels  @ 
$8.50;  they  lose  $1.25  a  barrel,  and  pay  for  expenses  $75 ; 
what  is  the  loss  of  each  ? 

Ans.  A,  S659.36|^i;  B,  $971.69|^|-;  C,  $943.93J^. 

11.  A,  B,  and  C  formed  a  partnership;    A  put  in  $5000. 
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B  $7500,  and  C  $9000;  they  gained  60  per  cent.,  but  receive 
the  whole  amount  of  their  gain  in  notes,  which  they  discount 
at  8  per  cent. ;  what  was  each  man's  gain  ? 

Ans,  A,  $2300;  B,  $3450;  C,  $4140. 

COMPOUND  PARTNERSHIP. 

T65.  In  Compound  Partnership  the  capitals  of  the 

l/artners  are  employed  for  different  periods  of  time. 

CASE  I. 
TOO.    When  the  profits  and  losses  fire  divided  in 
proportion  to  capital  and  time. 

1.  Two  persons  enter  into  partnership  and  gain  $452 ;  A 
puts  in  $900  for  7  months,  and  B  $1000  for  5  months;  what 
was  each  one's  share  of  the  gain  ? 

Solution. — $900  for  7  mo.  operation. 

is  equivalent  to  $6300  for  1  $900x7  =  $6300,  A's  for  1  mo. 

mo.,  and  $1000  for  5  mo.  is  $1000  X  5  =  $5000,  B's  for  1  mo. 

equivalent    to   $5000  for  1  ^^^  ^,-      ,    ,     -      , 

mo. ;     hence     their     entire  $11,300,  whole  for  1  mo. 

capital     is     equivalent     to  VW$/5f  =  t*iV  =  A*s  share  of  capital. 

$11,300  for  1  mo.    The  rest  ^VVyV  =  ?rV  =  B'b  share  of  capital, 

of  the  solution  may  be  given  $452  ^  ^V,  =  $252,  A^s  gain, 

as  m  Simple  Partnership.  ^2  X  A = $200,  B's  gain. 

Rule. — Multiply  each  partner'^ s  capital  by  the  time  it  wai 
employed t  and  divide  the  gain  or  loes  in  proportion  to  these 
products. 

2.  A  commenced  business  with  $8000  stock ;  3  mo.  after 
he  took  in  B  with  a  capital  of  $4000,  and  4  mo.  after  he  took 
in  C  with  a  capital  of  $1200;  at  the  end  of  the  year  the 
firm  had  gained  $4600 ;  required  the  share  of  each. 

Ans.  A%  $3200;  B's,  $1200;  C's,  $200. 

3.  A  and  B  are  in  partnership ;  A's  capital  was  to  B's  as 
6  to  8 ;  at  the  end  of  6  mo.  A  withdraws  ^  of  his  and  B  \ 
of  his,  and  during  the  year  they  lose  $1416;  what  is  each 
man's  share  of  the  loss?  Ans.  A's,  $590;  B's,  $826. 

4«  A's  capital  was  in  trade  4 mo.,  B's  5 mo.,  and  O's  12 mo. ; 
A's  gain  was  $600,  B's  $500,  and  O's  $900,  and  the  whole 
capital  was  $20,865 ;  how  much  did  each  own  ? 

Ans,  A,  $9630-,  B,%^^^<^s  ^A^^Vo- 
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5.  A's  capital  is  $800  and  B*s  $1000  ;  at  the  end  of  61110 
bow  much  more  must  A  put  in,  so  that  at  the  end  of  the  year 
he  may  he  entitled  to  one-half  the  gain  ?  AriA,  $400. 

6.  A,  B,  and  0  en;;^age  in  business;  A  invests  bis  capital 
for  5  months  and  claims  |  of  the  profits;  B^s  capital  is 
invested  6  months,  and  C  puts  in  $5000  for  4  mouths  and 
claims  ^  of  the  profits ;  what  were  A's  and  B's  investments  ? 

Ans.  A,  $8000;  B,  $5000. 

7.  A,  B,  and  0  engage  in  manufacturing  straw  goods;  A 
puts  in  $4800  for  5  months,  B  a  certain  sum  for  7  months, 
and  C  $8400  for  a  certain  time.  On  settling  accounts,  A 
received  $5400  for  his  share,  B  $9400,  and  C  $10,080.  What 
were  B's  stock  and  C's  time?     Ans,  $8000,  and  8  months. 

8..  A,  f ,  and  C  formed  a  partnership  with  a  capital  of 
$12,000,  of  which  A  puts  in  $4000,  B  $5000,  C  $3000 ;  at 
the  end  of  3  months  A  withdrew  $1000  and  4  mouths  later 
withdrew  $500  ;  at  the  end  of  5  mouths  B  withdrew  $1500 
and  at  the  end  of  8  months  withdrew  8500;  C  withdrew 
$500  at  the  end  of  4  months,  and  at  the  end  of  9  montha 
added  $1500  ;  at  the  end  of  the  year  they  bad  gained  $1800; 
what  was  each  man's  share  ? 

Arts.  A,  $545.22i|f ;  B,  $709.54^^^;    C,  $545.22i^. 

9*  A  and  B  form  a  partnership,  each  putting  in  #5000 ; 
at  the  end  of  3  months  A  draws  out  $1500  and  B  $500,  and 
each  draws  the  same  sum  at  the  end  of  6  months;  at  the  end 
of  9  months  A  draws  out  $2000  and  B  $1000;  at  the  end  of 
the  year  they  dissolve  partnership  with  a  remaining  capital 
of  $2100  ;  how  must  they  divide  it  ? 

Ann.  B  takes  $2100  and  has  a  claim  on  A  for  $350. 

CASE   II. 

70T.  ^yhen  tfie  pt'oporfiou  of  profits  or  losses  is 
fixed,  and  interest  is  allowed  for  the  flifference  6e- 
tween  each  partiier\H  proportion  of  capital  and  the 
amount  he  €ictit€Uly  contributes, 

]•  A  and  B  form  a  partnership ;  A  contributes  $2500  and 
is  to  have  }  of  the  profits;  B  contributes  $1500  and  is  to 
have  \  of  the  profits  ;  eacli  partner  is  to  receive  or  pay  in- 
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terest  at  the  rate  of  6  per  cent,  per  annum  for  any  excess  or 
deficit  in  his  proportionate  share  of  capital.  At  the  end  of 
a  year  the  profits  are  $800  ;  what  is  the  share  of  each  ? 

Solution. — Total  cap-  operaIiON. 

ital  is  $4000.     A  should  |2600    i  of  $4000 =$3000 

CQntribute    J,    or    $3000,  1500    A  contributed  2600 

and    must   pay    1    years  ,^^^^                ^  ^  .   ^^^^ 

interest,   or    $30    on    his  ^^0                Deficit  $500 

deficit.      B    should    con-  .         'Q" 

tribute   J,  or  $1000,  and  Int.  for  1  yr.  $30.00 

is  entitled  to  1  year's  in-  B  contributed  $1500 

terest,  or  $30,  on  his  ex-  1  of  $4000=  1000 

cess.       A     gained     J    of  _,           __^^ 

$800  =  $600,  less  $30  in-  ^      ^    Exce^$500 

terest,  or  $570.     B  gained         .    ,„^^     .^^^' \^^  }j^' ^A^. .       . 
i  of  $800  =  $200,  plus  $30        i  ^f  800  =  600,  and— 30  =  $570,  As  gam. 
interest,  or  $230.  J  of  800 = 200,  and-f  30  =  $230,  B's  gain. 

Rule. — I.  Find  the  interest  on  the  excess  or  deficit  of 
each  partner'^ s  share  of  capital.  If  there  are  additions  and 
withdrawals^  subtract  the  interest  on  the  former  from  the 
groins  profits,  and  add  the  interest  on  the  latter. 

II.  Divide  the  profits  thus  obtained  in  the  required  pro- 
portions, adding  or  subtracting  the  interest  due  to  or  by  each 
partner  respectively,  and  the  result  will  be  the  net  gain  of 
each.  For  the  present  value  of  each  share,  add  to  each 
partner^ s  original  stock  the  net  gain  and  the  additions,  and 
subtract  the  withdraioals. 

Note. — It  will  readily  be  seen  that  the  interest  on  the  excesses  and  def- 
icits of  the  origiual  shares  will  exactly  balance  each  other,  and  therefore 
will  not  change  the  profits.  For,  if  one  partner  puts  in  $100  more  than  his 
share  of  a  certain  sum,  the  other  partners  must  have  $100  less  than  theirs. 

2.  A  and  B  form  a  partnership.  A  contributes  $7000, 
and  is  to  have  ^  of  the  profits ;  B  contributes  $3000,  and  is 
to  have  \  of  the  profits  ;  each  partner  is  to  receive  or  pay 
interest  at  6  per  cent,  per  annum  for  any  excess  or  deficit  in 
his  share  of  capital.  At  the  end  of  the  first  year  the  profits 
are  $1800.     Required  worth  of  each  share. 

Ans.  A%  $8220  ;  B's,  $3580. 

3.  The  second  year  A  adds  $2000,  averaging  May  1 ;  B 
adds  $1000,  averaging  July  1.  Profits  $1500.  Required 
worth  of  each  share.      Ans.  A,  $11,247.87  ;  B,$5,05^A^ 

4.  Third  year,  neither  partner  add^  «Arj   cw^\K»^,^ii^'^  ^ 
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withdraws  $1800,  averaging  Sept.  1,  and  B  withdraws  ^800, 
averaging  May  1.  Profits,  $2000.  Required  worth  of  each 
share.  Arts.  A,  $10,813.41 ;  B,  $4,886.59. 

5.  Fourth  year;  A  sells  ^  of  his  share  to  C ;  A's  propor- 
tion of  profits  to  be  ^,  B's  |,  O's  |.  A  adds  capita]  $1000, 
March  1 ;  B  S1500,  averaging  May  1 ;  0  $1800,  averagirfg 
Sept.  1.  A  withdraws,  July  1,  $1500;  B,  Sept.  1,  $1000; 
and  C,  Nov.  1,  $500.  Profits  $5000.  Required  worth  of 
each  share,    ^ns.  A,  $6563.44  ;  B,  $7047.12;  C,  $8389.44. 

6*  Fifth  year;  the  firm  is  changed  to  a  limited  partner- 
ship, taking  in  D  as  a  special  partner  with  a  capital  of  $8000, 
for  the  use  of  which  he  is  to  receive  20%  of  the  profits  of  the 
concern  annually.  The  remaining  profits  are  to  be  divided 
as  before,  among  A,  B,  and  C,  who  remain  as  general  part- 
ners. A  withdraws  for  living  expenses  $1000,  averaging 
May  1 ;  B  $1200,  averaging  Nov.  1 ;  and  C  $900,  averaging 
July  1.  Profits  $5500,  of  which  D  has  already  drawn  his 
share.     Required  the  worth  of  each  share. 

Ans.  A,  $6970.25  ;  B,  $7310.95  ;  C,  $9018.80  ;  D,  $8000. 

7.  At  the  close  of  the  sixth  year  the  firm  finds  it  has  lost 
$50,000,  and  the  partnership  is  dissolved.  Nothing  has  been 
withdrawn  by  either  partner.  Required  the  share  of  loss 
due  from  each  partner  after  exhausting  the  assets  of  the  firm. 

Jns.  A,  $7077.54;  B,  $6716.39;  C,  $4906.07;  D,  nothing. 

Note. — The  special  partner  is  liable  only  for  the  amount  of  his  capltaL 
The  general  partners  are  liable  for  losses  in  the  same  proportion  as  profits 
are  shared. 

BANKRUPTCY. 

768.  Bankruptcy  is  the  legal  acknowledgment,  by  a 
person  or  firm,  of  inability  to  satisfy  pecuniary  obligations. 
Such  persons  are  said  to  be  bankrupt  or  insolvent. 

760.  An  Assignee  is  appointed  in  cases  of  bankruptcy 

to  take  charge  of  the  assets  of  the  bankrupt,  turn  them  into 

cash,  and  having  deducted  the  necessary  expenses,  to  divide 

the  net  proceeds  among  the  creditors  in  proportion  to  their 

claims. 

After  haying  thus  given  up  his  property,  the  bankrupt  is  freed  from 
Mi  liabilitieSy  and  is  at  liberty  \jo  coTniiveiiCA\>\]&\si»e&  v^^va. 
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1.  A  bankrupt  owes  A  $3000,  B  $6000,  C  $4500,  and  D 
$1500,  and  the  net  proceeds  of  his  assets  are  only  $9000; 
how  much  can  he  pay  on  the  dollar,  and  how  much  will 
each  receive? 

OPERATION. 

Solution.— Adding  the  liabilities,  we  $3000+$6000-|-$4500 

find  the  amount  to  be  $15,000.    If  on  +$1500  =  $15000 

$15000  the  creditors  receive  $9000,  on  $9000-2-15000  =  $0.60 

$1  they  will  receive  y^J^^  of  $9000,  3000  X  $0.60  =  $1800 

or  $0.60.    If  they  receive  60  cents  on  a  6000 X  $0.60  =  $3600 

dollar,  A,  whose  claim  is  $3000,  will  4500  X  $0.60  =  $2700 

receive  3000  times  60  cents,  or  $1800;  1500  X  $0.60  =  $  900 

B  will  receive  $3600,  C  will  receive  "ijoooo 

$2700,  and  D  $900.    Hence  the  * 

Rule. — I.  Divide  the  net  proceeds  of  the  estate  by  the 
aniount  of  the  liabilities,  to  find  the  amount  paid  on  a  dollar, 

II.  Multiply  the  amount  paid  on  a  dollar  by  the  amount 
of  each  man's  claim. 

2.  Colburn,  Robinson  &  Co.  failed  for  $100,000;  their 
assets  amounted  to  $29,000  ;  what  would  be  the  shares  of  A 
and  B,  if  their  claims  amounted  to  $57,000,  and  A's  is  28% 
more  than  B's  ?  Ans.  A.%  $9280;  B»s,  $7250. 

3.  Rowe,  Wilson  &  Co.  failed,  owing  John  Henderson 
$10,000,  Amos  Bristow  $17,000,  and  sundry  other  persons 
$19,750.  Henderson  agrees  to  act  as  assignee  for  3%  of 
the  assets,  and  the  other  expenses  amount  to  $845.  If  the 
assets  amount  to  $37,500,  what  are  Henderson^s  and  Bris- 
tow*s  shares?  Ans,  Henderson,  $8,725;  Bristow,  $12,920. 

4*  Osgood,  Lee  &  Co.  failed  for  $75,750;  the  assignee 
sold  their  real  estate  for  $25,000,  and  the  remainder  of  their 
stock  of  goods  for  $3500,  and  collected  debts  owing  them 
amounting  to  $14,000,  and  expended  $1,648  in  settling  up 
the  business;  what  will  James  Conger  receive,  whose  claim 
is  $33,475  ?  Ans,  $18,053.08. 

5.  The  above-mentioned  firm  in  seven  years  were  so  suc- 
cessful as  to  be  enabled  to  pay  off  their  debts  in  full,  with 
interest  at  6%  ;  what  would  Samuel  Forsyth  now  receive, 
If  his  original  claim  was  $27,925?  Ans  $18,268.35. 
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EQUATION   OF  PAYMP]NTS. 

770.  Equation  of  Pa]rments  is  the  process  of  iindiug 
the  mcaQ  or  equitable  time  for  paying  several  sums,  due  at 
different  times. 

771.  The  Term  of  Credit  is  the  time  allowed  for  the 
payment  of  a  debt. 

772.  The  Average  Term  of  Credit  is  the  time  to 
elapse  before  several  debts  due  at  different  times  may  in 
equity  be  paid  together. 

773.  The  Equated  Time  is  the  date  at  which  several 
debts  duo  at  different  times  may  be  paid  in  one  sum. 

774.  The  Focal  Date  is  the  date  from  which  we  begin 
the  reckoning  in  averaging  an  account. 

CASE  I. 

775.  To  fiiid  the  average  term  of  credit^  when  the 
terms  of  credit  begin  at  the  same  time. 

1.  In  settling  my  accounts  on  the  1st  of  January,  I  find  I 
owe  Mr.  Peck  $300  to  be  paid  in  4  months,  $400  to  be  paid 
in  5  months,  and  $800  to  be  paid  in  6  months ;  what  is  the 
average  term  of  credit  ? 

Solution.— A  credit  on  $300  for  4  months  operation. 

is  regarded  as  equivalent  to  a  credit  on  $1  for  300  X  4  =  1200 
1200  months,  and  a  credit  on  $400  for  6  400x5  =  2000 
months  is  equivalent  to  a  credit  on  $1  for  800x6 -=4800 
2000  months,  and  a  credit  on  $800   for  6      -—rr-  sEKKRfK^ 

months  to  a  credit  on  $1  for  4800  months ;       ^^^^  )8U00(5i  mo. 

adding,  we  liave  the  sum  equivalent  to  a 

credit  on  $1  for  8000  months ;  if  $1  has  a  credit  for  8000  months,  $1500 
would  have  a  credit  oi-^^jf  of  8000  months,  which  is  5 J  months.  Hence 
the 

Rule. — Multiply  each  payment  by  Us  term  of  credit ^  ana 

divide  the  sum  of  the  products  by  the  sum  of  the  payments ; 

the  quotient  will  be  the  average  term  of  credit. 

Notes. — 1.  If  there  are  cents  in  any  of  tlie  payments,  they  may  be  re- 
jected when  less  than  50,  and  reckoned  as  $1  when  more  than  50.  The 
fraction  of  a  day  in  the  answer  is  also  rejected  when  less  than  J,  and  reck- 
oned as  1  day  if  more  than  ^. 

2.  It  is  objected  to  this  ride  that  the  interest  on  a  certain  sum  not  paid 
till  after  it  is  due,  is  more  than  the  discount  on  the  same  sum  paid  an 
equal  length  of  time  before  it  is  due.  As  practically,  however,  we  gener- 
ally nckon  bank  discount,  w'hich  is  the  same  as  interest,  the  rule  seome 
not  really  to  lie  open  to  this  objection. 
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3.  The  time  may  also  be  found  by  dividing  the  sum  of  the  interests  on 
the  payments,  using  any  rate,  by  the  interest  on  the  sum  of  the  payments 
for  1  month  or  1  day,  according  to  the  unit  of  time  used  in  the  calculation. 
This  method  is  preferred  by  some  accountants. 

2.  Mr.  Smith  owes  $1200,  of  which  ^  is  due  in  4  mo.,  |  iu 
6  mo.,  and  the  remainder  in  9  mo. ;  required  the  averago 
term  of  credit.  Ans.  6  mo.  25  da. 

3.  A  country  merchant  bought  goods  in  Philadelphia  to 
the  amount  of  $4500,  of  which  ^  was  to  be  paid  down,  \  in 
3  mo.,  and  the  remainder  in  6  mo. ;  required  the  average 
term  of  credit.  Ans,  Z\  mo. 

4.  A  jobber  owes  an  importer  $1000  due  in  2  mo.,  $1600 
in  4  mo.,  $900  in  6  mo.,  and  $3000  in  a  year  ;  at  what  time 
should  he  pay  the  whole  debt  ?  •   Ans,  Tmo.  22  da. 

5.  B  owes  a  certain  sum,  ^  payable  in  3  mo.,  ^  in  4  mo., 
i^  in  6  mo.,  and  the  remainder  in  a  year ;  required  the  aver- 
age term  of  credit.  Ans,  4  mo.  9  da. 

Remark. — The  result  will  be  the  same  whatever  the  sum  owed,  hence 
we  may  assume  $1  as  the  capital,  and  proceed  as  before. 

6.  On  the  1st  of  July  A  owes  B  $700  due  in  3  mo.,  $560 
due  in  7  mo.,  $450  due  in  9 mo.,  and  $825  due  in  11  mo.; 
what  will  be  the  average  time  and  the  equated  time? 

Ans.  7  mo.  17  da.;  due  Feb.  18. 

7.  Jan.  1st,  1872,  I  owe  S560 ;  Feb.  8th,  $470.70;  March 
10th,  $561.50;  and  April  11th,  $749.75;  what  is  the  equated 
time,  reckoning  from  Jan.  1st,  for  the  payment  of  the  whole 
amount?  Ans.  Feb.  27. 

8  A  man  bought  a  house  and  lot  for  $5000'on  the  1st  of 
March,  agreeing  to  pay  $1250  down,  $1250  on*the  18th  of 
May,  $1250  on  the  3d  of  July,  and  $1250  on  the  9th  of 
October  On  further  consideration,  he  decides  to  make  but 
one  payment ;  when  will  it  be  due  ?  Ans.  June  15. 

9.  I  owe  $500  in  3  mo.,  $600  in  4  mo.,  and  $400  in  9  mo., 
but  procure  an  extension  of  time  to  1  year,  and  my  creditor 
offers  to  either  take  my  note  with  interest  at  6%  for  the 
whole  amount  from  the  equated  time,  or  a  note  with  interest 
from  date  for  the  true  present  worth  of  all  the  payments ; 
which  will  be  the  most  profitable  for  me  ? 

Ans.  T Vife  \«Jac^ , \ii  V.  -^^ 
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CASK  n. 

T70«  To  find  the  eqtiated  time  tvfien  t/i^  cretUts 
begin  at  diff'erefit  dates, 

1.  Bought  of  Newlin  &  Fernley  the  following  bill  of 
goods : 

Jan.  15,  18*71,  a  bill  amounting  to  $500  on  2  mo.  credit. 
Feb.  1,       ''       "  '*  "     360  "  3 

Feb.  19,     "       *'  *'  '*     400  '*  2 

Mar.  IT,     ''      ''  "  ''     380  "  4 

If  I  give  ray  note  for  the  amount,  when  will  it  become 
due? 

Solution. — From  the  time  the  operation. 

nrst  item  is  due  till  the  time  the  ^ar.  15,  500x  0=  0000 
second  18  due  is  47  da.,  arid  Uil  the  May  1,  350x  47  =  16450 
time  the  third  is  due  is  35  da.,  ar^  Apl.  19,  400x  35  =  14000 
till  the  time  the  fourth  is  due  is  124  July  17  380x  124  =  47120 
da.;  hence,  reckoning  from  the  time  '^      '-— —  \nnK-(MAG. 

the  first  is  due,  the  second  has  a        „      ^  ,]^^?^  ^      )775t0i4S 
credit  of  47  days,  the  third  of  35        March  15+48  da.  =  May  2. 
days,  the  4th  of  124  days,  and  the 

first  of  no  days.  We  then  average  as  in  Case  I.,  and  find  the  term  of 
credit  to  be  48  da.  from  March  15,  the  time  at  which  the  first  debt  is 
due :  hence  the  equated  time  of  payment  is  May  2. 

Rule. — 1.  Select  the  date  at  which  the  first  debt  becomes 
due,  and  multiply  each  debt  by  its  term  of  credit  reckoned 
from  the  date  selected. 

II.  Divide  the  sum  of  the  products  by  the  sum  of  the 
debts y  and  the  quotient  will  be  the  average  term  of  credit, 
estimated  from  the  date  selected. 

Note. — When  the  earliest  date  is  not  the  first  of  the  month,  it  is  often 
more  convenient  to  take  the  first  of  the  month  as  the  standard  date. 

2.  Mr.  Fletcher  bought  goods  at  different  dates  as  stated 
in  the  following  bill : 

June  20,  to  the  amount  of  $250  on  3  mo.  credit. 
July  1,       "  '*        "   $300  '*   4  mo.  credit. 

Aug.  15,     "  *'        "   $280  '*   3  mo.  credit. 

Sept.  9,       "  *'        **   $750  *•    2  mo.  credit. 

What  is  the  average  term  of  credit,  and  also  the  equated 
time  for  the  payment  of  the  bill  ?     Ans.  42  days ;  Nov.  1. 

3.  I  purchased  of  a  merchant  at  different  times  the  foL 
lowing  bills  of  goods : 


tt 
it 
It 
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March  11,  to  the  amount  of  $359.84  on  2  mo.  credit. 
April  30,       *'  "        "  $475.15  "  3  mo.       «* 

June  15,        "  "      .  "  $278.50   "  4  mo. 

Aug.  9,  "  "        "  $564.75  "  3  mo. 

Sept.  14,        "  "        "  $356.25  "  4  mo. 

What  is  the  equated  time  for  the  payment  of  the  whole  f 

Ans,  Sept.  22. 

4.  I  sold  goods  to  Mr.  Peters  as  follows : 

May  1,  a  bill  of  $565.62  at  60  days  credit. 
May  31,  "       "  $342.56  at  30  days 
July  6,    '*       ''  $794.67  at  90  days 
Aug.  30,  **        "  $834.18  at  30  days 
Sept.  10,  "       "  $250.25  at  90  days       " 
If  he  gives  me  his  note  for  the  amount,  when,  in  equity, 
should  it  commence  to  bear  interest?  Ans.  Sept.  7. 

CASE   III. 
T77«   When  a  debt  due  at  some  future  tim-^  has  rc- 
ceived  partial  payments^  to  find  wheti  the  retnainder 
should  be  paid. 

1.  A  merchant  bought  goods  to  the  amount  of  $3500  on 
a  credit  of  6  months ;  4  months  before  it  was  due  he  paid 
$1000,  and  2  months  before  it  was  due,  $1500 ;  how  long 
after  the  expiration  of  the  6  months  may  the  balance  remain 

uupaid  ? 

Solution. — A  credit  on  $1000  for  4  mo.  operation. 

is  equivalent  to  a  credit  on  $1  for  4000  mo.,  1000x4  =  4000 

a  credit  on  $1500  for  2  mo.  is  equivalent  to  ]600x2  =  3000 
a  credit  on  $1  for  3000  mo. ;   hence  $1000, 

the  sum  which  remains  unpaid,  should  have  ^^  70W 

a  credit  of  y^^  of  7000  mo.,  which  is  7  mo.  3500  —  2500  =  1000 

Hence  the  7000-^1000  =  7  mo. 

Rule. — Multiply  each  payment  by  the  time  it  was  paid 
before  it  was  due^  and  divide  the  sum  of  the  products  by 
the  sum  remaining  unpaid, 

2.  I  borrowed  of  Mr.  B.  $600  for  3  mo.,  $500  for  6  mo., 
and  $300  for  9  mo. ;  at  the  end  of  5  mo.  I  paid  him  $1000  ; 
how  long  after  the  equated  time  should  I  keep  the  remain- 
der ?  Au^.  ^  ^"sw. 

5.  Mr.  Olass  borrowed  $250  fot  ^0  ^ay%  wi^  V^^^  ^^^  ^"^"^ 
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days;  at  the  end  of  24  days  he  paid  $300,  and  in  40  days 
he  paid  $200;  how  long  after  the  equated  time  should  the 
balance  be  paid?  Aiis,  23 da. 

4.  Mr.  Jones  owes  me  the  following  notes:  one  for  $400, 
due  July  6;  one  for  $250,  due  Sept.  1;  and  one  for  $850, 
due  Oct.  20;  I  wish  to  exchange  them  for  2  notes  of  $750 
each,  one  to  fall  due  on  Aug.  1 ;  when  should  the  other  fall 
due?  Ana.  Oct.  26. 

5*  I  purchase  a  farm  for  $15,000,  ^  to  be  paid  down,  and 
the  remainder  in  two  equal  payments  at  6  and  9  months; 
I  pay  ^  in  cash  and  the  remainder  in  three  equal  payments  at 
equal  intervals;  what  are  the  intervals?     Ans.  3^  months. 

0.  I  owe  two  notes,  one  for  $600,  due  June  II,  and  the 
other  for  $800,  due  Oct.  9,  and  wish  to  discharge  the  debt  by 
two  equal  payments  made  at  an  interval  of  50  days ;  when 
must  the  payments  be  made?     Arts.  July  25  and  Sept.  13. 

7.  I  exchanged  four  notes,  $*200  due  in  15  days,  $300  due 
in  24  days,  $400  due  in  35  days,  and  $800  due  in  60  days, 
for  $500  cash,  and  3  notes  for  $2d0,  $850,  and  $600,  due  at 
equal  intervals;  what  were  the  intervals?     Ans.  26  days. 

8.  I  exchanged  the  six  following  notes  for  five,  each  for 
the  same  amount  and  payable  at  equal  intervals:  $700  due 
in  25  day§;  $1000  in  31  days;  $1200  in  42  days;  $1500  in 
54  days;  $1700  in  60  days;  $2000  in  75  days;  what  are 
the  amounts  and  intervals?  Ans.  18  days  and  $1620. 


AVERAGING   ACCOUNTS. 

T78.  Averaging  an  Account  is  the  process  of  finding 
the  mean  or  equitable  time  for  the  payment  of  the  balance 
of  the  account. 

1.  In  the  following  account  it  is  required  to  find  the 
balance  and  when  it  is  due. 

Dr.  James  Henderson.  Cb. 


1873 

1873 

March   9 

To  merchandise, 

300 

00 

March  20 

By  cash, 

247 

26 

May    12 

((                        u 

473 

60 

April  11 

"  draft  at  30  da. 

400 

00 

June    19 

u                 u 

564 

20 

iJuly     10 

"  cash, 

259 

5fr 
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Operation   1. 


Due. 

Time. 

Items. 

1 
Products. 

Due. 

Time. 

Items. 

Products. 

March   9 

May     12 

June    19 
1 

00 

64 

102 

300 
474 
564 

0000 
30336 
57528 

March  20 
'May     14 
July    10 

11 

m 

123 

247 
400 
260 

2717 
26400 
31980 

1338 
907 

431 

87864 
61097 

26767-^431  = 

907 
62  da.; 

61097 

26767 

May  10. 

Solution  1. — Select  the  date  of  the  item  first  due  as  the  focal  date, 
und  find  the  time  the  others  are  due  after  it,  allowing  3  days  grace  to 
the  draft ;  then  multiplying  each  item  by  the  corresponding  time,  and 
taking  the  sums  of  tlie  products,  we  find  that  if  paid  on  the  9th  of  March 
the  Dr.  items  must  sufier  a  discount  of  $87,864  for  1  day,  and  the  Or, 
items  must  suffer  a  discount  of  $61,097  for  1  day.  Subtracting  the  two 
sums,  we  find  that  the  Dr.  side  must  suffer  a  discount  of  $26,767  more 
for  1  day  than  the  Or.  side,  and  on  $431,  the  balance  of  the  items,  it 
should  suffer  a  discount  of  as  many  days  as  431  is  contained  times  in 
26,767,  which  is  62  days.  Hence  the  balance  is  due  62  days  from  Maich 
9,  or  May  10. 

Operation  2. 


Due. 

Time. 

Items. 

Products. 

Due. 

Time. 

Items. 

Products. 

March   9 
May     12 
June    19 

123 
59 

21 

300 
474 
564 

36900 
27966 
11844 

March  20 
May     14 
July     10 

112 
57 
GO 

247 
400 
260 

27664 
22800 
00000 

• 

1338 
907 

431 

76710 
50464 

26246 

26246- 

^431- 

907 
61  da.; 

50464 
May  10. 

Solution  2. — Select  the  item  last  due  as  the  focal  date,  and  find  the 
time  the  others  are  due  before  it ;  then  multiplying  as  before  and  taking 
the  sums  of  the  products,  we  find  that  on  the  lOtli  of  July,  the  Dr.  items 
must  bear  an  interest  of  $76,710  for  1  day,  and  the  Or.  items  must  bear 
an  interest  of  $50,464  for  1  day.  Subtracting,  we  find  that  the  Dr.  side 
must  bear  an  interest  of  $26,246  more  for  1  day  than  the  Or.  side,  and  on 
$431,  the  balance  of  the  items,  it  should  bear  an  interest  of  as  many 
days  as  431  is  contained  times  in  26,246,  which  is  61  nearly.  Hence, 
the  balance  is  due  61  days  before  July  10,  or  May  10. 

Rule. — I.  Find  when  each  item  is  due^  take  the  earliest  or 
the  latest  date  as  the  focal  date,  find  the  difference  between 
the  focal  date  and  the  remaining  dates ^  and  multiply  each 
item,  by  the  corresponding  difference. 

II.  Balance  the  columns  of  products^  and  also  the  cohLxw^^ 
of  items,  and  divide  the  former  balance  \)'ij  V\\e\Q-^i«iv  \  VXvt; 
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ACCOUNT    SALES. 

783*  A  o  Account  Sales  is  a  written  stau^raent,  reudered 
by  an  agent  or  consignee  to  the  consignor,  of  the  sales  of 
goods  consigned,  the  charges,  and  the  net  proceeds. 

783.  Guaranty  is  a  charge  made  for  securing  the  ownei 
against  the  risk  of  non-payment,  when  goods  are  sold  on 
credit. 

Expenses  incurred  in  receiving  the  goods  and  all  charges  paid  in  cash 
%re  considered  due  the  consignee  when  paid,  but  commissioD  and  after 
charges  are  due  at  the  average  maturity  of  the  sales. 

An  account-sales  is  averaged  to  lind  when  tlie  net  proceeds  become 
due,  in  order  tliat  the  consignor  may  draw  a  bill  of  exchange  to  fall  due 
at  the  equated  time.  Except  that  the  date  of  maturity  of  the  commis- 
sion and  guaranty  must  be  found  by  first  averaging  the  sales,  the  account 
is  averaged  like  an  account  current,  the  cliarges  being  the  debits  and  the 
sales  the  credits. 

1.  Account  sales  of  200  hhd.  molasses  received  from  New 
Orleans  per  ship  Crescent  City,  on  %  of  Lafourcade  Brothers. 


1873 

May 

11 

June 

1 

(( 

20 

July 

7 

May 

1 

u 

1 

it 

1 

July 

7 

(( 

14 

(( 

14 

Sold  50  hhd.  molasses,  6000  gal.  @  W  on  30  days, 

2400    "     ^37;^  cash, 
7200    "    @38^     " 
8400    "    @  42;^  on  60  days, 


it 

u 
u 


20 

60 

JO 

200 


CHABGES. 


To  Freight  and  Drayage, 
Cooperage, 
Insurance  and  adv., 
Storage  from  May  1, 
Commission  on  $9552  @  2^%, 
Guaranty  on  $5928  @  2i%, 


256.72 

10.00 

11.40 

74.54 

214.92 

148.20 


2400  00 

888|00 

2736  00 


What  are  the  net  proceeds  of  the  above  account,  and  when 
is  it  due  ?         Ans.  Net  proceeds,  $8836.22 ;  due  July  11. 

2.  A  commission  merchant  in  Philadelphia  received  Oct. 
1,  1873,  a  consignment  of  2000  bushels  of  white  wheat,  pay- 
ing as  charges,  freight  $75.42,  drayage  $25,  and  other  ex 
penses  $10.50.  He  sold  Oct.  10,  500  bu.  @  $1 ;  Oct.  31,  750 
bu.  @$1.12^  for  60  days;  Dec.l,  250  bu.  @  $1.10  ;  and  Jan. 
12,  500  bu.  @  1.25.  The  commission  was  2^%,  guaranty 
2^%,  and  storage  $256.  Required  the  net  proceeds  and 
equated  time  o^the  account.  Ana.  $1799.64  ;  Dec.  12. 
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SECTION    X. 
INVOLUTION  AND  EVOLUTION. 

INVOLUTION. 

784.  Involution  is  the  process  of  finding  any  power  of 
a  number. 

785.  A  Power  of  a  number  is  the  product  arising  from 
using  the  number  several  times  as  a  factor.  The  number 
itself  is  called  the  firat  power, 

786.  The  Second  Power  of  a  number  is  the  product 
obtained  by  using  the  number  twice  as  a  factor.  Thus,  16 
is  the  second  power  of  4,  since  4x4=16. 

787.  The  Third  Power  of  a  number  is  the  product  ob- 
tained by  using  the  number  three  times  as  a  factor.  Thus, 
64  is  the  third  power  of  4,  since  4x4x4=64. 

788.  The  Fourth  Power  of  a  number  is  the  product 
obtained  by  using  the  number  four  times  as  a  factor ;  the 
Fifth  Power y  five  times  as  a  factor. 

780«  The  Degree  of  a  power  is  indicated  by  a  small 
figure,  called  an  exponent^  placed  at  the  right  and  a  little 
above  the  number.  Thus,  5^  represents  the  2d  power  of  6, 
6^,  the  third  power  of  6,  etc. 

790*  The  Exponent  indicates  how  many  times  the 
number  is  used  as  a  factor.  Thus,  8^  denotes  that  8  is  used 
as  a  factor  three  times. 

The  second  power  of  a  number  is  called  its  squarCj  because  the  area 
of  a  square  eouals  the  product  of  its  two  equal  sides.  The  third  power 
of  a  number  is  called  its  ct<6e,  because  the  product  of  the  three  equal 
sides  of  a  cube  gives  its  contents. 

Notes. — 1.  Exponents  were  first  introduced  by  Descartes,  born  in  1596. 
The  earliest  writers  on  algebra  denoted  the  power  by  an  abbreviation  of 
its  name.     Harriotty  bom  1560,  repeated  the  quantity,  writing  aaaa  for  a*. 

2.  The  symbol  of  evolution,  \/,  was  introduced  by  Stifelius,  a  German 
mathematician  of  the  15th  century.    It  is  a  modification  of  the  letter  r, 
the  initial  of  radiXy  or  root     Formerly,  the  letter  r  was  writte.\\.\«;^<5T^\JoA. 
quantity  whoue  root  was  to  be  extracted. — See  PliiXo^oplvvi  oj  AT\\:h.TwsX>ft, 
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1.  A  power  of  a  number  in  obtained  by  using  the  number 
an  a  factor  as  many  times  as  there  are  units  in  the  degree. 

2.  llie  jjroduct  of  any  two  powers  of  a  number  equals  a 
power  of  the  number  denoted  by  the  sum  of  the  exponents. 

For,  if  we  multiply  the  cube  of  a  number  by  the  4th  power  of  the 
number,  we  will  evidently  have  tlie  number  used  seven  times  as  a  factor, 
or  the  7th  power  of  the  number;  thus,  6*X6*  =  (5x6X5)  X  (6x6x5 
X5j  =  5' ;  and  the  same  may  be  shown  in  any  other  case. 

3.  A  power  of  a  number  raised  to  any  power  equals  a 
power  of  the  number  denoted  by  the  product  of  the  exponents. 

For,  if  we  square  the  euhe  of  a  number,  we  will  eyidently  use  the  num- 
ber as  a  factor  two  times  three  times,  or  six  times ;  thus,  (5*)*  =  5*x6', 
which,  by  Prin.  2,  equals  5^,  and  the  same  may  be  sho¥m  in  any  other 
case. 

Note. — By  means  of  this  principle  we  can  abbreviate  the  operation  of 
involution  ;  thus  we  can  raise  a  number  to  the  sixth  power  by  squaring  its 
cube,  or  to  tlie  12th  power  by  squaring  its  sixth  power,  or  cubing  its  4Ui 
power,  etc. 

EZAMFXiSS   FOH  PRACTlCiiL 

Find  the  value  of  the  following : 

13.  254x25».  Ans.  25^. 

14.  (9^)4x(H)2.^n«.(9i)«. 

15.  (4.6)«x(4.6)«. 

Ans.  (4.6)7. 

16.  a)2x(i)«. 

18.  2T*-T-3". 

19.  168-4-2'^ 

20.  32xT3-T-(T2x3.) 

Ans.  21 

21.  188xl2*-r-(12«xl82). 

Ans.  2592. 

22.  35  x64x88-r-(8x  3^X63).  Ans.  1162. 

£3.  What  power  is  the  product  of  tho  cube  by  the  4th 
power?  Ans.  7th  power. 

24.  What  power  is  the  product  of  the  first  power,  the 
secoud  power,  aud  the  third  power  ?  Ans,  6th  power. 

26.  What  power  is  the  square  of  the  cube  of  the  fourth 
power  ?  Ans.  24th  power. 


1. 

452. 

Ans.  2025. 

I. 

463. 

Ans.  91336. 

\. 

2162. 

Ans.  46656. 

i. 

105». 

Ans.  1157625. 

5. 

144. 

Ans.  38416. 

6. 

16«. 

Ans.   1048576. 

7. 

m)^- 

Ans.  iff. 

8. 

(13|)3. 

Ans.  2552 J^. 

9. 

(5.6)«. 

Ann.  30840.979456. 

10.  (2.5N2.^ns.  6.530864197. 

11.  (^l^)*.    Ans.  4294967296. 


Ans.  ^. 
Ans.  -^. 

Ans.  1. 

Ans.  1. 
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SQUARING  NUMBERS. 

791.  There  are  Two  Methods  of  squaring  numbers, 
called  the  Analytic  or  Algebraic,  and*  the  Synthetic  or  Geo- 
metrical methods. 

792*  The  object  of  these  methods  is  to  find  the  law  of 
forming  the  square,  and  thus  prepare  for  con*espondinx 
methods  of  explaining  Evolution. 

1.  Square  45  analytically  and  synthetically. 

Analytical  Solution.— Forty- 
five  equals  40  plus  5,  or  4  tens  plus 
5  units.  Multiplying  in  the  analytic 
form,  beginning  with  units,  we  have 
5  times  5  equal  5  ' ;  5  times  40  equals 
40x5 ;  40  times  5  equals  40x5 ;  40 
times  40  equals  40' ;  adding,  we 
have402+2times  40X  5+5* ;  hence 


OPERATION. 


45 
45 

225 
180 


404-6 
40+5 


=  40x5+5« 
=      40«+40x5 

2025"  =402+2(40x5)+5« 


the  square  of  45  equals  Uie  square  of  the  tenSy  plus  twice  the  product  of  thi 
tens  by  the  unUSf  pita  the  squaare  of  the  unitSf  wnicli  we  find  to  be  2025. 

Synthetic  Solution.— Let  the  line  AB 
represent  a  length  of  40  units,  and  BK  5  units. 
Upon  AB  construct  a  square ;  its  area  will  be 
40^*  =  1600  square  units.  On  the  two  sides 
BC  and  DO,  construct  rectangles  each  40 
units  long  and  5  units  wide ;  the  area  of  each 
will  be  40x5,  and  the  area  of  both  will  be 
2  ( 40  X  5),  or  400  square  units.  Now  add  the 
little  square  on  OH ;  its  area  will  be  5'  =:  25 
square  units ;  and  the  sum  of  the  difierent 
areas,  1600+400+25  =  2025,  is  the  area  of 
a  square  whose  side  is  45. 

Note. — When  there  are  three  figures,  after  completing  the  second 
square  ^  above,  we  must  make  additions  to  it  as  we  did  to  the  first  square. 
When  there  are  four  figures  there  are  three  additions,  etc. 

Square  the  following  numbers  by  both  methods: 


2. 

35. 

Arts.  1225. 

8. 

234. 

Ans.  54756. 

3. 

46. 

Ans.  2116. 

9. 

345 

Ans.  119025. 

4. 

5t. 

Ans.  3249. 

10. 

527. 

Ans.  277729. 

63. 

Ans.  3969. 

11. 

1872. 

Ans.  3504384 

6. 

?5. 

Ans.  5625. 

12. 

2345. 

Ans.  5499025 

7. 

123. 

Ans.  15129. 

13. 

3064. 

Ans.  9388096 

793«  The  following  principles  derived  from  the  abore 
solutions  are  important,  and  should  be  committed  to  mam 
ory. 
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1.  The  square  of  a  number  of  two  figures  equals  the 
rrNs2-4-2  times  tens^units-I-units^. 

2.  The  square  of  a  number  of  three  figures  equals  hun- 

DBEDS^  +  2  times  UUNDa£DSXT£NS+T£NS^  +  2(UUNDBED8-4- 
rEN8)X  UNITS+UNITS^. 

794.  These  principles  may  also  be  expressed  in  symbola 
Let  tt  represent  units  figure,  t  tens,  h  hundreds,  and  '£ 
thousands,  and  two  letters  written  together  denote  multipli* 
cation;  then  we  have 

{h-\-t-\-uy  =  h^  +  2ht+t^+2(h+t)u+u^. 
{T-\-h-\-t-\-uy  =  T^  +  2Th+h^  +  2{T+h)t+t^  + 

2(T-\-h+t)u+u^. 

CUBING  NUMBERS. 

795.  There  are  Two  Methods  of  cubing  numbers,  called 
tl  e  Analytical  or  Algebraic ^  and  the  Synthetic  or  Geometrical 
methods. 

796.  The  object  of  these  methods  is  to  find  the  law  of 
forming  the  cube,  and  thus  prepare  for  corresponding 
methods  of  explaining  evolution. 

1.  Cube  45  analytically. 

Analytical  Solu- 
tion.—Squaring  45  by  OPERATION, 

the      method     already  2025=  4024-2x40x '5+6' 

given,   we  have  40^4-  ^=  ^H-5 

2(40x5)+52;  we  then  10125=  402x5+2x40x6»+6* 

lurply  a.is  by  40+5.  ^lOO.^ 40^+2x40^x5+       40x5« 

5  times  5^   equals  b-  911^5 =40^+3x40«X5+3x40x6«+6« 

6  times      2  X  40  X  5 

equals  2x40x5^;  5  times  40 »  equals  40^x5;  40  times  5*  efjoals 
40X5*;  40  times  2x40x5  equals  2x40^x5;  40  times  40*  equals  40»- 
Taking  the  sum  of  these  products,  we  have  5';  next,  40x6*  plus 
2X40X5=*  equals  3x40x5*;  next,  2X40*X5  plus  40*X5  equals 
3x40«x5;  and  next  we  have  40 » ;  hence  45»  =  408+3x40* x5+3x 
40x6*+5».  Therefore  the  cube  of  45  equals  the  cube  of  the  tens,  plu8 
3  times  the  sqiiwe  of  the  tens  into  the  unitSy  plus  3  times  the  t^ms  into  the 
stpmre  of  the  vnitSy  plus  the  cu6c  of  t^c  units. 
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i    Fiod  the  cube  of  45  bj  means  of  the  cubical  blocks. 

Fg  1  Fg  3 


Hence  45' =  91125 


Geohetrtoai.  "^lUTtoN  — Let  A  J 
lepresent  a  cube  whoee  sidee  are  40  units,  tte 
wintenta  will  be  40>  =  64000.  To  iocreaBe 
its  diinenBiona  by  5  units  we  must  add,  1st, 
the  three  rectangular  slabs,  E,  C,  D,  Fig.  2; 
2<i,  llie  three  corner  pieces,  E,  F,  O,  Fig.  3; 
3d,  the  little  cube  H,  Fig.  4.  The  thcee 
slabs,  B,  C,  D,  are  40  units  long  and  wide 

and  5  nniia  tliick;  hence  their  contents  are  40*x5x3=  24000;  th« 
contents  of  the  comer  pieces,  E,  F,  G,  Fig.  3,  whose  length  ia  40  and 
breadth  and  thicknesn  6,  equal  40X5'X3  =  3000;  and  the  contents  of 
the  little  cube  H,  Fig.  4,  eoual  6>  =  125;  hence  the  contents  of  the 
cube  repreeenled  by  Fig.  4  are  64000+24000+3000+125  =  91125. 

Note.— When  there  are  three  figures  hi  the  nnmber,  complete  the  second 
cube  as  above,  and  then  make  additions  and  complete  the  third  fn  the  some 
manner ;  or  let  the  first  culw  represent  the  culje  already  found,  and  Uicu 
proceed  as  at  first. 


Cube  the  following  n 


:.  4r>i>56. 
Ans.  110.592- 
Am.  373248. 
^n,s.  614125. 
Ans.  1860867. 


FOR    PRACTICE. 

ibers  hj  both  methods: 


8.  245. 

9.  306. 

10.  258. 

11.  4036. 


IS.  14706121. 

^ns.  28652616. 
Ans.  17173512. 
IS.  65743598656. 


12.  5618.  ^ns.  183056925753. 


797.  The  following  principles  are  important,  and.  ^t.-a-iK'Si 
be  committed  to  memorr. 
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1.  The  cube  of  a  number  consisting  of  two  figures  equaU 
TENS^+3  times  tens^x  unit8+3    times  T£NSXUNItb^  + 

UNITS^. 

2.  The  cube  of  a  number  consisting  of  three  figures  equals 

HUNDREDS^ +3  Hmes  HUNDREDS^  XTENS+ 3 /inu;^  HUNDREDS 
XTENS^  +  TENS^  +  S  times  (UUNDRED8+TEN8)2XUNIT8-f-3 
times  (HUNDRED8  +  TENS)X  UN1TS2  + UNITS*. 

79S«  Those  principles  may  also  be  expressed  ia  sjmbols 
as  follows : 

{Ii-j-t+uy=-h^-\-ShH+Sht^+t^+S{h+tyu+ 

EVOLUTION. 

799«  Evolution  is  the  process  of  finding  a  root  of  a 
number. 

SCO*  A  Root  of  a  number  is  one  of  its  equal  factors. 
Roots  are  of  different  degrees  ;  as,  second,  third,  etc. 

801.  The  Square  Root,  or  second  root,  of  a  number  is 

one  of  its  two  equal  factors.  Thus,  8  is  the  square  root  of 
64,  since  8x8=64. 

S02»  The  Cube  Root,  or  third  root,  of  a  number  is  one 
of  ha  three  equal  factors.  Thus,  4  is  the  cube  root  of  64, 
since  4x4x4=64. 

803.  The  Fourth  Root  is  one  of  the  four  equal  factors ; 
the  fifth  root  is  one  of  the  five  equal  factors,  etc. 

804.  The  Symbol  of  Evolution  is  ^Z;  thus,  ^64  or 
-v/64,  denotes  the  square  root  of  64 ;  ^64  denotes  the  cube 
root  of  64. 

803*  The  Index  of  the  root  is  a  small  figure  placed  in 
the  angle  of  the  symbol.  The  index  indicates  the  degree 
of  the  root. 

Koots  are  also  indicated  by  the  denominator  of  a  fractional  exponent ^ 
thus  9*  denotes  \^9 ;  27^  denotes    ^27,  etc 
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806«  The  following  priDciples  of  involution    are  given 
to  enable  us  to  determine  the  number  of  figures  in  the  root 


1.  The  square  of  a  number  contains  twice  as  many  figures 
as  the  number  itself^  or  twice  a^  many,  less  one, 

Dem. — The  square  of  1  is  1,  and  the  square  of  9  is  1'  =  1 

81,  hence  the  square  of  a  number  consisting  of  one  fig-  9*  =  81 

ure  is  a  number  consisting  of  one  or  two  figures.     The        10*  =s  100 
square  of  10,  the  smallest  number  of  two  figures,  is  100,        99'^  =  9801 
the  square  of  99,  the  largest  number  of  two  figures,  is 
9801,  hence  the  square  of  a  number  consisting  of  tuK)  figures  is  a  numbei 
consisting  of  three  or  four  figures,  that  is,  twice  two,  or  twice  two,  less  one, 
etc.     The  same  may  be  shown  for  the  square  of  a  number  consisting  of 
any  number  of  figures. 

2.  The  cube  of  a  number  contains  three  times  om  many 
figures  as  the  number  itself,  or  three  times  as  many,  less 
one  or  two, 

Dem. — The  cube  of  1  is  1,  and  the  cube  of  9  is  l'=l 

729,  lience  the  cube  of  any  number  consisting  of  one  9*  =  729 

6gure  is  a  number  consisting  of  one,  two,  or  three        l(fi  =  1000 
figures.     The  cube  of  10  is  1000,  a  number  of  four        99^  =  970299 
figures,  the  cube  of  99  is  970299,  a  number  of  six 
6gures,  hence  the  cube  of  a  number  consisting  of  two  figures  contains 
four,  jive,  or  six  figures,  that  is,  three  times  two,  or  three  times  two,  less  one 
or  two.     The  same  may  be  shown  for  the  cube  of  a  number  consisting  of 
any  number  of  figures. 

EVOLUTION  BY  FACTORING. 

80T.  When  the  number  is  a  perfect  power  and  the  fac- 
tors are  easily  found,  the  root  of  a  number  can  be  readily 
obtained  by  the  following 

Rule. — Resolve  the  number  into  its  prime  factors,  and 
for  the  square  root  form  a  product  by  taking  one  of  every 
TWO  equal  factors  ;  for  the  cube  root,  one  of  every  theee 
equal  factors  ;  etc. 

1.  Find  the  square  root  of  2025. 


OPERATION. 

3)2025 


Solution. — We  first  resolve  the  number  into  its 

prime  factors.     Since  the  square  root  of  a  number  is  *q\a7k 

one  of  its  two  equal  factors,  we  take  (me  of  every  tioo  3)676 

equal  factors,  and  have   3x3x5,   which   equals  45.  3)225 

Hence  the  square  root  of  2025  is  45.  *3)76 

Note.— It  will  be  well  for  the  pupil  to  mark  the  fac-  ^f^ 

tor  taken  with  a  star,  as  in  the  margin.  ^^ 
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Solve  the  following  problems  : 

2.    ^iU.  Ans.  12.     1.  ^40967  Ans   16. 

8.    v/40iM;.  Ana.  64.      8.  ^19683.  A?is.  27. 

4.  ^^92 16.  Anm.  90.  ;    9.  v^53084r6.  Ans.  48. 

5.  \/G5()'1.              ^Ai,s.  81.' 10.  ^7962624.  ^ii«.  24. 
6     v/ii(;g4.          ^/i.s.  108.  111.  ^170859375.  ^n«.  15. 

SQUARE    ROOT. 

808.  There  are  Two  Methods  of  explainiDg  the  general 
process  of  extracting  the  square  root,  called  the  Analytic 
or  Algebraic  Method,  and  the  Oeometrical  Method. 

809.  The  Analytic  Method  of  square  root  is  so  called 
because  it  analyzes  the  number  into  its  elements  and  derives 
the  process  of  evolution  from  the  law  of  involution. 

810.  The  Geometrical  Method  is  so  called  because  it 
makes  use  of  a  geometrical  figure  to  explain  the  process  of 
extracting  the  root. 

1.  Extract  the  square  root  of  2026. 

Analytic    Sol.  -  Since    the  operation. 

square  of  a  number  contains  twice 

a»  manu  fiqures  as  the  number  itself,  t'-\-2tU-\'U^        =2025(40 

or  twice  a^  nuuiy  leas  one,  the  sciuare  '-  =  ^0  =  low    o 

root  of  2025  will  consist  of  two  2fie+n*  =   426  46 

figures,  and  hence  consist  of  tens  2^  =  40x2  =80 

and   units,  and  2025  consists  of     (2f+i/)i^=(80-f  5)X5=  425 
tem^-]-  2  X  tens  X  units  -{-units'^. 

The  greatest  number  of  tens  whose  square  is  contained  in  2025  is  4 
tens;  squaring  the  tens  and  subtracting,  we  liave  425,  which  equals  2x 
tens  X  units-\-uniLH^.  Now  since  2  X  tens X  i^nits  is  much  greater  than  uniU*, 
425  must  consist  principally  of  twice  the  tens  into  the  units ;  hence 
if  we  divide  by  2xte)is  we  can  ascertain  the  units.  Twice  the  <e7i«  equal 
40x2  =  80;  dividing,  we  find  the  units  to  be  5;  now  finding  2x<67utX 
units-{- units'^,  or,  wliat  is  the  same,  2xt€^ns-\- units,  both  multiplied  by 
units,  which  equals  (80+5) X5  =  425,  and  subtracting,  nothing  remaina 
Hence  the  square  root  of  2025  is  4  tens  and  5  units,  or  45. 

Geometrical  Sol. — Let  Fig.  1  repre-  operation. 

sent  a  square  which  contains  2025  square  2025(40 

units,  then  our  object  is  to  find  the  number  4Q2  __  igOO    6 

oflinearunitsin  the  edge.  Since  the  square  "lok  5^ 

of  a  number  consists  of  twice  as  niany  places  foAjJ-T  ^  1^ 

08  the  number  itself,  or  twice  as  many  less  one.  (^O+o)  X  o         ^M 
the  square  root  of  2025  will  consist  of  two 
places,  and  hence  will  consist  of  tens  and  units. 
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The  greatest  number  of  tens  whose  square  is  con- 
tained in  2025  is  4  tens.  Let  A,  Fig.  1,  represent 
a  square  whose  sides  are  40  unils,  its  area  will  be 
40^,  or  1600  square  units.  Subtracting  1600  from 
2025,  we  tind  remaining  a  surface  containing  425 
square  units.  By  inspection  we  find  this  surface 
to  consist  principally  of  the  two  rectangles  B  and  C, 
Fig.  2,  each  of  whicii  is  40  units  long,  and  since 
tliey  nearly  complete  the  square,  their  vea  is 
nearly  425  units ;  hence  if  we  divide  425  by  their 
length,  we  will  tind  their  width.  The  length  of 
both  is  40X2  =  80;  dividing  425  by  80,  we  find 
their  width  to  be  5  units.  Adding  the  length  of 
the  little  corner  square  D,  Fig.  3,  whose  sides  are 
5  units,  we  tind  the  entire  length  of  the  surface 
remaining  after  the  removal  of  the  square  A,  is 
80-|-5  =  85  units,  and  multiplying  this  by  the 
width,  we  find  the  whole  area  of  the  remainder  to 
be  85x5  =  425  square  units.  Subtracting  425 
square  units  from  the  square  units  left  after  sub- 
tracting 1600  square  unius,  nothing  remains,  there- 
fore the  side  of  the  square  whose  area  is  2025 
square  units  is  45  units ;  hence  the  square  root  of 
2025  is  45. 

Notes. — 1.  When  there  are  three  figures  in  the 
root,  by  the  analytic  method  we  use  the  formula  for 
three  terms ;  by  the  geometrical  method,  after 
removing  the  Arst  rectangles  and  small  square,  we 
have  two  rectangles  and  a  small  square  remaining, 
which  we  remove  as  before. 

2.  In  practice,  we  determine  the  number  of  figures 
in  the  root  by  pointing  otf  the  number  into  periods 
of  two  figures  each,  beginning  at  the  right ;  we  also 
abbreviate  the  work  by  omitting  ciphers  and  condens- 
ing the  other  parts,  preserving  only  tlie  trial  and  true 
divisors.     For  illustration  see  solution  in  the  margin. 

3.  This  can  also  be  explained  by  building  up  the 
square  instead  of  separating  it  into  its  parts,  for 
which  see  Manf*al, 


Fig.  1. 

A 

Fig.  2. 

B 

D 

C 

Fig.  3. 

D 

OPERATION. 

10-49-76(324 
3      9_ 

62    149 
644  124 


2576 
2676 


Rule. — I.  Begin  at  units^  and  separate  the  number  into 
periods  of  two  figures  each, 

II.  Find  the  greatest  number  whose  square  is  contained 
in  the  left  hand  period,  place  it  at  the  right  a«  a  quotient, 
tiubtracl  its  square  from  the  left  hand  period,  and  annex  the 
next  period  to  the  remainder  for  a  dividend. 

III.  Double  the  root  found  and  place  it  at  the  left  for  a 
TRIAL  DIVISOR  ;  divide  the  dividend,  excluding  the  right 
hand  term,  by  this  divisor  ;  the  quotient  will  be  the  second 
term  of  the  root, 

IV.  Annex  the  second  term,  of  the  root  to  Uve  lT\a\  ^\>^>-^ 
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9or  for  the  true  divisor,  multiply  the  result  by  the  second 
term  of  the  root,  subtract  the  product  from  the  dividend,  and 
bring  down  the  next  period  for  the  next  dividend. 

V,  Double  the  root  now  found  for  a  second  trial  divi- 
sor, find  the  third  term  of  the  root  as  before,  and  thus  pro- 
ceed until  all  the  periods  have  been  used. 

Notes. — 1 .  If  the  productbf  a  true  divisor  by  a  term  of  the  root  exceeds 
the  dividend,  the  terui  must  be  diminished  by  a  unit. 

3.  When  a  cipher  occurs  in  the  root,  annex  a  cipher  to  the  trial  divisor, 
bring  down  the  next  period,  and  proceed  as  before. 

3.  The  square  root  of  a  common  fraction  is  evidently  the  square  root  of 
each  term.  When  tliese  terms  are  not  perfect  squares,  reduce  the  fraction 
to  a  decimal,  and  extract  the  root.  When  a  number  is  not  a  perfect 
square,  annex  periods  of  ciphers  and  carry  the  root  on  to  decimals. 

4.  By  squaring  1,  .1,  .01,  etc.,  we  see  that  the  $quareof  a 
decimal  cotUains  tivice  as  many  decimal  places  as  the  da:imal, 
hence  to  extract  the  square  root  of  a  decimal,  we  point  off 
the  decimals  into  peinods  of  twojigrires  eachj  counting  from  the 
decimal  point,  and  proceed  as  in  whole  numbers. 

Extract  the  square  root  of 


l«  =  l 
.l«  =  .01 

.012  =  .0001 


2.  1369. 

8.  3136. 

4.  98596. 

5.  65636. 


Ans,  37. 

Ans,  56. 
Ana,  314. 
Ans,  256. 


10. 
11. 
12. 
13. 


56 


i^ 


*^ij%- 


Find  the  square  root  of 

Ans.  \^, 

Ans,  ^|. 

Ans.  25*^. 

Ans.  5f|. 

Ans.  .58. 

Ans.  .29. 

Ans.  .035. 

Ans.  .316. 

Ans,  .24t. 


6.  277729. 

7.  1827904. 

8.  7387524. 

9.  9339136. 


5 

14.  .3364. 

15.  .0841. 

16.  .001225. 

17.  .099856. 

18.  061009. 


19.  36f  ^ns.  6.036923-I-. 


20.  .00009216. 

21.  4907  0025. 


Ans,  527. 
Ans,  1352. 
Ans.  2718. 
Ans.  3056. 

Ans,  .0096. 
Ans.  70.05. 

22.  89526.025681.  Ans.  299.209. 

23.  .ioO.  Ans.  .3163859+. 

24.  642521104.    Ans.   25348. 

25.  185383635844.  Ans.  430562. 

26.  4122544464025. 

Ans.  2030405. 

27.  77531660905535929. 

Ans,  278445077. 


CONTKACTIONS  IN  SQUARE  ROOT. 
811*  When  the  square  root  is  to  be  extracted  to  many 
places  of  decimals,  the  work  may  be  shortened  by  the  fol- 
lowing method : 

Rule* — Find  J  as  u^ual,  more  than  one-half  the  terms  of 
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the  root,  and  then  divide  the  last  remainder  by  the  loMt  divv 
nor  J  using  the  contracted  method^  as  in  Art.  278. 

1.  Extract  the  square  root  of  10. 


OPERATION. 

10(3.16227766+. 
9   . 


100 
61 


3900 
3756 


61 

626 

6322 

63242 

632447 

6324547 

63245546 


14400 
12644 


175600 
126484 


4911600 
4427129 


48447100 
44271829 


417527100 
379473276 


632455526 


8805382400 
3794733156 


CONTRACTED  METHOD. 


10(3.16227766+. 
9 


61 


100 
61 


626 


3900 
3756 


6322 


14400 
12644 


63242 


175600 
126484 


49116 
44269 

4847 
4427 


inff: 

420 
379 

41 
38 

7.  ^^S. 

Ans.  2.828427+, 

8.  v/r9. 

Ana.  .948683+. 

9.  ^^11. 

Ans.  3.316624+. 

10.  ^^12. 

Ans.  3.464101 +, 

11.  v^l3. 

Ana.  3.605651 +  . 

Find  the  value  of  the  following 

2.  \^2.  Ans.  1.414213+. 

3.  \^S.  Ans.  1.732050+ . 

4.  \/6.  Ans.  2.236067 +  . 

5.  y^Q.  Ans,  2.449489  +  . 

6.  -v^tT  Ans,  2.645751 +  . 

.  APPLICATIONS  OF  SQUARE  ROOT. 

812.  The  Applications  of  Square  Root  to  problems 

involving  geometrical  figures  are  extensive. 

81 3.  The  Side  of  a  square  is  equal  to  the  square  root 

o^*  its  area.  * 

1.  A  man  owns  a  square  lot  containing  25  hectares;  how 

many  meters  does  its  side  measure? 

Solution. — The  25  hectares  equal  250000 sq.  meters;  extracting  the 
square  root,  we  have  500  meters. 

2.  I  own  a  square,  lot  containing  7  acTe«>\   >«\i"a.\.  \e»  SX vs 
length  of  one  of  its  sides?  Ana.  ^'^.V^'^-V  x^^^ 
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8.  A  man  owns  a  rectangular  lot  containing  20  acros, 
whose  length  is  twice  its  breadth ;  what  is  the  distance 
around  it?  Ans.  240  rods. 

4.  What  will  it  cost  to  enclose  a  rectangular  lot  contain 
Ing  12  hectares,  whose  length  is  3  times  its  breadth,  at  the 
rate  of  25  cents  a  meter  ?  Ans,  $400. 

6.  A  cabinet  maker  has  a  board  26  ft.  3  in.  long  and  2  ft 
11  in.  wide ;  what  is  the  largest  square  table  he  can  make 
out  of  it,  no  allowance  being  made  for  sawing? 

Ans.  8  ft.  9  in. 

6.  If  it  cost  $600  to  inclose  a  farm  96  rods  long  and  54 
rods  wide,  how  much  less  will  it  cost  to  enclose  a  square 
farm  of  equal  area  with  the  same  kind  of  fence  ? 

Ans,  $24. 

7.  A  general  drew  up  his  army  of  38000  in  three  grand 
divisions  in  the  form  of  three  equal  squares,  and  found  he 
had  354  over  in  the  first,  414  in  the  second,  and  lacked  400 
in  the  third ;  what  was  the  number  of  men  in  the  side  of 
each  square?  Ans,  112  men. 

KIGHT-ANGLED   TRIANGLES. 

814.  A  Right-angled  Triangle  is  a  triangle  which  has 
one  right  angle. 

815.  The  Base  of  a  triangle  is  c 
the  side  on  which  it  stands;  as  AB. 

816.  The  Perpendicular  is  the 

side  which  forms  the  right  angle 
with  the  base  ;  as  BC. 

817.  The  Hypothenuse  is  the 

side  opposite  the  right  angle ;  as  AC. 

818.  The  Principles  of  right-angled  triangles  are  as 
follows : 

FHZlTCrPZ^S. 

1.  The  square'of  the  hypothenicse  equals  the  sum  of  the 
squares  of  the  other  two  sides, 

2.  Hence f  the  square  of  either  side  equals  the  square  of 
the  hypothenuse  diminished  by  the  square  o/  the  other  »ide» 
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Note. — The  smallest  integers  which  can  express  the  relation  of  the 
three  sides  of  a  right-angled  triangle  are  3,  4,  and  5.  We  may  have  an  in- 
finite number  of  right-angled  triangles  with  their  hides  in  this  relation. 
Other  integral  relations  of  sides  are  as  follows  :  5, 12, 13 ;  8, 15,  17 ;  20,  21, 
29.  These  are  obtained  by  substituting  in  the  formula  (2ra)*+(«2 — r^)* 
=(82-j-r2)2j  in  which  r  is  less  than  s. 

1.  The  hypothenuse  of  a  right-angled  triangle  is, 230,  and 
perpendicular  138  ;  required  the  base. 

Solution.— The  base=  / 2302—1382  =  184,  Ans, 

2.  A  rectangular  lot  containing  103.68  ares  is  twice  as 
long  as  wide ;  required  the  distance  between  its  opposite 
corners.  Ajis,  T2x/5  meters. 

3.  A  ladder  leaning  against  a  house  reaches  72  feet,  its 
foot  being  30  feet  from  the  house  ;  what  is  the  length  of  the 
ladder  ?  Ans.  *IS  ft. 

4.  Two  rafters,  each  35  feet  long,  meet  at  the  ridge  of  a 
roof  15  feet  above  the  attic  floor  ;  what  is  the  width  of  the 
house  ?  Ans.  63. 2454+ ft. 

5.  Two  ships  sail  from  the  same  port,  one  going  due  north, 
8  miles  an  hour,  and  the  other  due  east,  6  miles  an  hour ; 
how  far  are  they  apart  in  three  days  ?         Ans.  720  miles. 

6.  A  ladder  78  feet  long  stands  close  against  a  building ; 
how  far  must  it  be  drawn  out  at  the  foot,  that  the  top  may 
be  lowered  6  feet  ?  Ans,  30  ft. 

7.  A  tree  was  broken  51  ft.  from  the  top,  and  fell  so  thai 
the  end  struck  24  feet  from  the  foot ;  required  the  length  of 
the  tree.  Ans.  96  feet. 

8.  A  ladder  60  feet  long,  standing  with  its  foot  in  the 
street,  will  reach  on  one  side  to  a  window  23  ft.  high,  aud 
on  the  other  to  a  window  37ft.  high;  what  is  the  width  of 
the  street?  Ans,  102.65  ft. 

9.  A  light-house  was  built  upon  a  rock ;  if  the  distance 
from  a  point  of  observation  to  that  point  of  the  rock  on  a 
level  with  the  eye  is  620  meters,  to  the  top  of  the  rock  is 
846  meters,  and  to  the  top  of  the  light-house  900  meters, 
what  is  the  height  of  the  light-house  ?     Ans,  76.78  meters. 

10.  Required  the  distance  between  the  lower  corner  and 
the  upper  opposite  corner  of  a  room  60  ft.  long,  32  Ct,  ^\Afc^ 
and  51  ft.  high.  A^%.  ^^'^^»^ 
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SIMILAR   FIGURES. 

819.  Similar  Figures  are  those  which  have  the  saoke 
form.     Thus,  circles  are  similar  figures ;  also  squares,  etc. 

H20.  The  Principles  of  similar  figures,  derived  from 
geometry^  are  as  follows : 


1.  The  areas  of  all  similar  figures  are  to  each  other  as 
the  squares  of  their  like  dimensions, 

2.  Hence f  the  like  dimensions  of  similar  figures  are  to 
each  other  as  the  square  roots  of  their  areas, 

13XAMFL.ES   FOH   PRACTICE. 

1.  The  area  of  a  rectaDgle  is  648  sq.  yd.,  and  one  side  is 
2tyd.;  required  the  area  of  a  similar  rectangle  whose  cor- 
respondiug  side  is  36  yd. 

Solution. — Since  the  rect-  operation. 

angles  are  simihir,  their  areiw         .^^ea  of  2d  :  648  :  :  36»  :  27» 
are  as  the  sciuares  oi  their  cor-  648x36' 

responding  sides;    hence    we        Areaof2d= — r— =1152, ^tu. 

have  the  proportion  in  tlie  mar-  ** 

gin.     Cancelling  and  multiplying,  we  have  1152sq.  yd. 

2.  The  area  of  a  circle  whose  diameter  is  10  meters  is 
18.54  square  meters  ;  what  is  the  diameter  of  a  circle  whose 
area  is  1963.5  square  meters  ?  Ans,  60  meters. 

3.  A  farmer  has  a  field  40  rods  long  and  32  rods  wide ; 
required  the  dimensions  of  a  similar  field  containing  4i 
acres.  Ans,  30 rd.;  24 rd. 

4.  A  man  has  two  circular  gardens;  the  one  is  6.5  meters 
in  diameter,  the  other  2.6  decameters ;  the  second  is  how 
many  times  the  size  of  the  first  ?  Ans,  16  times. 

5.  If  a  horse  tied  to  a  post  by  a  rope  1  ch.  78J  li.  can 
graze  upon  an  acre,  what  length  of  rope  would  allow  it  to 
graze  upon  11^  acres  ?  Ans,  b  ch.  94^  U. 

6.  The  altitudes  of  two  similar  triangles  are  18  ft.  and  6.4 
ft.;  what  is  the  relation  of  their  areas?  Ans,  1^. 

?•  The  area  of  a  rectangular  building  lot  is  720 sq.  rd.; 
its  sides  are  as  4  to  6  ;  required  the  sides.      Ans,  24  ;  30. 

8.  The  sides  of  a  rectangular  field  are  as  3  to  4,  and  its 
area  is  30  acres ;  required  its  dvmeiia\oxia,  Aw.^,  ^Q  rd.,  80  rd. 
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9.  If  a  pipe  f  ol  au  inch  in  diameter  fill  a  cistern  in  3 
hours,  what  is  the  diameter  of  a  pipe  which  will  fill  it  in  1 
hour  ?  Ans.  1.299  in. 

10.  If  a  pipe  whose  diameter  is  1^  in.  fill  a  cistern  in  5 
hours,  in  what  time  will  a  pipe  whose  diameter  is  3|^  inches 
fill  it?  Ans.  65^^min. 

11.  If  a  pipe  of  6  inches  bore  is  4  hours  in  running  off  a 
quantity  of  water,  in  what  time  will  three  pipes,  each  4  inches 
bore,  discharge  double  the  quantity  ?  Ans.  6  hours. 

12.  Four  men  bought  a  grindstone  40  inches  in  diameter; 
how  much  of  the  diameter  must  each  grind  off  so  as  to  share 
it  equally,  no  allowance  being  made  for  the  hole  ? 

Ans.  1st,  5.359+  ;  2d,  6.367  ;  3d,  8.284;  4th,  20  inches. 

CUBE   ROOT. 

821.  We  give  Three  Methods  of  extracting  the  cube 
root;  the  Common  Metliod^  a  New  Method^  and  Eorner^s 
Method.    • 

832.  There  are  Two  Methods  of  explaining  the  methods 
of  extracting  the  Cube  Root,  called  the  Analytic  or  Alge- 
braic Method y  and  the  Geometrical  Method. 

823.  The  Analytic  Method  of  cube  root  is  so  called 
because  it  analyzes  the  number  into  its  elements,  and  de- 
rives the  process  from  the  law  of  involution. 

824«  The  Geometrical  Method  of  cube  root  is  so  called 
because  it  makes  use  of  a  cube  to  explain  the  process. 

COMMON   METHOD. 

1.  Extract  the  cube  root  of  91125. 

Analytic    Solu-  operation. 

TION. — Since  the  cube  f^ 

Ota  number  consists  of  t^J^UUi+Uu^+u^  =  91125(40 

three    times    as    many  t^=  40*  =  64000    5 

places  as  tfie  number  it-  — — — r-— - — — ^ — 

self,  or  of  three  times  as  Hl^lj  '^l    T(\2  _  iqaa 

many  less  one  or  two,  ^J   —  ]fk     t- —    5a5 

the  cube  root  of  91125  ^^  ^   ^rifz     o? 

consists  of  two  places,  ^   —  "   —     ^^ 

or  of  tens  and  units,  {St^-['Stit-\-u^)u=        5x5425 
and  the  number  itself 

consists  of  terw^ + 3 X  t^ns^  X  wnite-\-3x  IcusXumta*  -V'^'«w***  • 
25 


27125  45 


27125 


sm 
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The  gn'uttist  nuiubur  uf  a>na  whose  cube  is  conUined  id  9II25  u 
4  Uds.  Cubing  the  U'lta  anil  Bubtmcling,  we  linve  27125,  which  eqnsli 
ZXI*a*'Xv'ul'+3Xl"i»Xvnile^iiaWf.  Now,  since  Sxlcni'Ximilt  ia 
much  grffitter  [Irnii  axtennXuniW+itnif^,  2712.5  must  consist  pHoci- 
p;i1l;  or  3  times  terta'X.unUs;  hence  if  we  iliride  b?  3  limes  l^u*,  we 
can  ascerlain  ihe  unite.  3  times  lea^  equals  3X40'^48(K);  dividbg 
by  4800,  wo  fiml  the  uaiis  to  be  5.  We  then  find  3  tiiuea  (eiuXun^ 
equal  to  3x40x5  =  000,  and  uiii/s'  =  5'  =  25,  and  adding  these  and 
multiplying  byuni/s.we  have  (3xi«M'4-3X<eniXifni(«+uuite')Xaiii(i, 
•rhich  equuls  542oXt>^27126;  subtracting,  notluug  remaiiu,  henn 
the  cube  root  of  91125  is  45. 


Fig.  1. 


Fig.  S. 


Geoneirical  Solution. — Let 

Pig.  1  represent  the  cube  which 
contains  91125  cubic  units,  then  our 
object  is  to  find  the  number  of  linear 
units  in  its  edge.  The  number  nf 
terms  in  the  root,  found  as  before,  is 
two.  The  fcrcateat  mimber  of  tens 
whose  cube  is  contained  in  the  given 
number  is  4  leiLs.  Let  A,  Fig.  1, 
represent  a  culie  whwie  flidee  are  40, 
"■|  be  40'=r--- 
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91126(40 
64000  ^ 
2712B'46 


find  a 


Subtracting  64000  from  91126,  we 
inder  of  27125  cubic  units,  which,  by  removing  the  cube  A 


n  Fig.  ],  leaves  a  solid  represented  by  Fig.  2. 

Inspecting  tliis  solid,  we  perceive  that  the  greater  part  of  it  consists 

trf  the  three  rectangular  slab^  B,  C,  and  D,  each  of  which  is  40  nniu 

in  length  and  breadth;  hence  if  we  divide  27125  bv  the  sum  of  the  areaa 

of  one  fi»ce  of  each  regarded  as  a  ba«e,  we  can  sBcertaiu  Iheir  thicltne««, 
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The  area  of  a  face  of  one  slab  is  40^  =  1600,  and  of  the  three,  3  X  1600 
=  4800,  and  dividing  27125  by  4800  we  have  a  quotient  of  5,  hence  the 
thickness  of  the  slab  is  5  units. 

Removing  the  rectangular  slabs,  there  remain  three  other  rectangular 
solids,  E,  F,  G,  as  shown  in  Fig.  3,  each  of  which  is  40  units  long  and 
5  units  thick,  hence  the  surface  of  a  face  of  each  is  40  X  5  =  200  square 
units,  and  of  the  three,  3  X  40  X  5  =  600  square  miles. 

Finally,  removing  E,  F,  and  G,  there  remains  only  the  little  corner 

cube  H,  Fig.  4,  whose  sides  are  5  units,  and  the  surface  of  one  of  its 

faces,  5"^  =  25  square  units.     We  now  take  the  sum  of  the  surfaces  of  the 

solids  remaining  after  the  removal  of  the  cube  A,  and  multiply  this 

by  the  common  thickness,  which  is  5,  and  we  have  their  solid  contents 

equal  to  (4800+600+ 25) X5  =  27125  cubic  units,  which,  subtracted 

from  the  number  of  cubic  units  remaining  after  the  removal  of  A, 

leaves  no  remainder.     Hence  the  cube  which  contains  91125  cubic  units 

is  40 -|-  5,  or  45  units  on  a  side. 

NoTi£.— This  can  also  be  explained  by  building  up  the  cube  instead  of 
separating  it  into  its  parts,  for  which  see  Manual, 

825.  When  there  are  three  figures  in  the  root,  the  solu- 
tion by  the  analytic  method  is  as  follows: 

SHOWN  BY  LETTERS.  OPERATION  AS  IN  PRACTICE. 

htu  14-706- J  25(245 

14706125(245  2»=8 

/i3-200»=^000000  2^x300=1200 

2x4  X  30=  240 
4*=    16 


3/ia=      3x2002=12000016706125 
3/ie=3x  200X40=  24000 
^2=  402=     1600 


145600 


1456 


5824000 


6706 


5824 


3(/*+«)»=3x  2402=172800 

3(/*4-«)  w=3  X  240  X  5=3600 

w2=52  =    25 


882125 


176425 '882125 


242X300=172800 

24x5x30=    3600 

52= 25 

176425 


882125 


882125 


Notes. — 1.  By  the  geometric  method,  when  there  are  more  than  two 
flares  we  remove  the  first  cube,  rectans^ular  slabs  and  solids,  and  small 
cube,  and  we  have  remaining  three  slabs,  three  solids,  and  a  small  cube, 
as  before. 

2.  The  method  employed  in  actual  practice  is  derived  from  the  other  by 
omitting  ciphers,  using  parts  of  the  number  instead  of  the  whole  number 
each  time  we  obtain  a  figure  of  the  root,  etc.  It  will  also  be  seen  that  b;y 
separating  the  number  into  periods  of  3  figures  each,  we  have  the  number 
of  places  in  the  rooty  the  part  of  the  numher  used  in  obtaining  each  figure 
of  the  root,  etc. 

Rule. — 1.  Begin  at  units  and  separate  the  number  into 
periods  of  three  figures  each, 

II.  Find  the  greatest  number  whose  cube  is  contained  in 
the  left  hand  period^  write  it  for  the  first  term  of  the  root, 
subtract  its  cube  from  the  left  hand  period^  and  annex  tKt. 
next  period  to  this  remainder  for  a  dxmdeud. 
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III.  Multiply  the  square  of  the  first  term  of  (fie  root  by 
300  for  a  trial  divisor;  divide  the  dividend  by  it,  and  the 
result  will  be  the  second  term  of  the  root, 

IV.  2'o  the  trial  divisor  add  30  times  the  product  of  the 
second  term  of  the  root  by  the  first  term^  and  also  the  square 
of  the  second  term  ;  their  nam  vrill  be  the  true  divisor. 

V.  Multiply  the  true  divisor  by  the  second  term  of  the 

rooty  subtract  the  product  from  the  dividend^  and  annex  the 

next  period  for  another  dividend.       Square  the  root  now 

foundj  multiply  by  300,  and  find  the  third  figure  as  before, 

and  thus  continue  until  all  the  periods  have  been  used. 

Notes. — 1.  If  the  product  of  the  true  divisor  by  the  term  of  the  root 
exceeds  the  dividend,  the  rout  must  be  diminished  by  a  unit. 

2.  When  a  dividend  will  not  contain  a  trial  divisor,  place  a  cipher  in  the 
root  and  two  ciphers  at  ttie  ri^ht  of  the  trial  divisor,  bring  down  the  next 
period,  and  proceed  as  belbre. 

3.  To  iind  the  cube  root  of  a  common  fraction,  extract  the  cnbe  root  of 
both  terms.  When  these  are  not  perfect  cubes,  reduce  to  a  decimal  and 
then  extract  the  root. 

4.  By  cubing  1,  .1,  .01,  etc.,  we  see  that  the  cicbe  of  a 

decimal  contains  three  times  as  many  decimal  places  as  1'  =  1 

the  decimal ;  hence,  to  extract  the  cube  root  of  a  deci-  .1*  =  .001 

mal,  we  point  off  the  decim/il  in  periods  of  three  figures  .01'  •=  .000001 
each,  counting  from  the  decimal  point. 


Find  the  cube  root  of 
1.  42875.    Ans,  35. 


2.  166375. 
8.  185193. 
4t.  262144. 
6.  438976. 

6.  614125. 

7.  941192. 


Ans,  55. 
Ans.  57. 
Ans,  64. 
Ans,  76. 
Ans,  85 
Ans.  98. 


8.  14886936.  Ans,2ie, 

9.  48228544.  Ans.  364 

10.  105154048.^?iii.472. 

11.  2.370.    Ans.  1.3. 

12.  1.953125.  Ans.  l\, 
18.  1.587962.  Ans,  1^. 
U.  129554216. /4n,s'.  506. 
15.  lOlf^.    Ans,  4|. 


16. 
17. 
18. 
19. 
20. 
21. 


22. 


i3. 

t:4. 

25. 
26. 

27. 
28. 
29. 
80. 


343f|f. 

(33  +  434.58). 

(83-f48»H-643). 

(248  +  328  +  403) 

8998912. 

629422793. 

1879080904. 

16348384872. 

8427392875. 

46967731712. 

17040i727703. 

16503.467336. 

46928.689543. 

8625.214936512. 

8421182563625. 


Ans.  7.002+ . 
Ans.  6. 
Ans.  12. 
Ans.  48. 
Ans.  20s. 
Ans,  857. 
Ans,  1231. 
Ans.  253s. 
Am,  203.^. 
Ans.  3603. 
Ans.  25.73 
Ans,  25.4 r.. 
Ans.  36.07 
Ans,  20.508. 
Ans.  20345. 
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SHORT  METHOD  OF  CUBE  ROOT. 

836.  A  Short  Method  of  extracting  the  Cube  Root  i"^ 
presented  in  the  fullowiug  modification  of  the  ordinary 
method  previously  explained.  The  abbreviation  consists  in 
obtaining  the  successive  trial  divisors  by  a  law  which  tuables 
us  to  use  our  previous  work. 

1.  Extract  the  cube  root  of  14706125. 


Solution. — We  find,  as 
before,  the  number  of 
tij^ures  in  the  root,  and  the 
iirst  term  of  the  root,  cube, 
subtract,  and  bring  down 
tlie  first  period. 

We  then  lind,  as  before, 
the  trial  divisor,  12,  by 
taking  three  times  the 
square  of  the  first  term. 
Dividing,  we  find  the 
second  term  of  the  root  to 
be  4.  We  then,  as  before, 
take  three  times  the  pro-' 
duct  of  the  first  and  second- 


12 

24 
16 — I 


OPERATION. 

14-706 -126(245 
8 

t.  d.  6706 


145rt 
16- 


T.  D. 


5824 


1728- 


360* 
2-. 


t.  d. 


176425 


882l:i^ 


882125 


terms,  and  the  square  of  the  second  term,  and  add  these  to  the 
trial  divisor  as  a  correction  to  obiain  the  trve  divisor,  1456.  Wo 
then  multiply  1456  by  4,  and  subtract  and  bring  down  the  next 
period. 

We  then,  to  find  the  next  trial  divisor,  take  the  square  of  the 
la^t  term,  which  is  16,  and  add  it  to  the  previous  true  divisor  and 
tJie  two  corrections,  which  were  added  to  the  pi-evious  trial 
divisor,  and  we  have  1728  as  the  next  trial  divisor. 

Then,  to  find  the  true  divisor,  we  add  three  times  the  product 
of  the  last  term  of  the  root  into  the  previous  part  of  the  root,  and 
also  the  square  of  the  last  term,  and  have  176425  for  the  true 
divi'ior.    Multiplying  by  5  we  have  882125. 

The  method  is  indicated  in  the  following  formula  : 

1.  True  Divisor=Trial  DivisoR-f  Product -f  Square. 

2.  Trial  Divisor=8quare-|-Thue  Divisor+Correcttons. 
The  method  is  readily  explained  either  by  the  blocks  or  by  the 

algebraic  formula. 


Find  the  cube  root  of 

1.  37393731584. 

Arts.  3344. 

2.  45156047481. 

AnS'  3561. 

3.  271091266048. 

Ana.  6472. 


4.  45740596939947. 

Ans.  35763. 
6.  66814683180552. 

Ans,  40578. 
6.  1 290640187  6Qa^^<^^'\^">., 
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OPERATION. 
1st   col.      2d  COL. 


2_ 

68 
725 


4 

8 


14'706-125(245 
8 


12  td. 
256 

1456  T.D. 
272 

1728  t.  d. 
3625 

176425  T.  D. 


6706 


5824 


882125 


HORNER'S  METHOD. 

827.  Homer's  Method  is  derived  from  the  genera] 
method  of  solvin<^  cubic  and  higher  equations  inyeDted  bj 
Mr.  Homer,  of  Bath,  England. 

1.  Extract  the  cube  root  of  14706125. 

Solution. — We  write 
tlie  iirst  Uirui  of  the  root  2, 
in  the  let  col.,  ita  wjuare, 
4,  iu  2(i  col.,  and  it8  cube, 
8,  under  Ist  period,  sub- 
tract, and  bring  down  the 
next  period.  We  then  add 
the  tirst  term  of  the  root, 
2,  to  2,  the  tirst  term  in 
Ist  col.,  multiply  the  sum 
4  by  tiie  root,  and  place  it 
under  the  4  in  2d  col., 
take  tlie  sum,  and  the  re- 
sult 12  is  our  1st  trial  divi- 
sor; before  using  it,  how- 
ever, we  add  2,  the  1st 
term  of  the  root,  to  the 
number  4  in  1st  col.,  giv- 
ing 6. 

We  then  find  the  2d 
•terra  of  the  root  to  be  4, 
annex  it  to  the  6  m  the 
1st  col.,  multiply  the  result 
64  by  4,  the  2d  term  of  the 
root,  place  it  under  the 
trial  divisor,  removing  it 
two  places  to  the  right, 
add,  and  we  have  the  true 
divisor.     We  then  multi- 


882125 


SHOWN   BY   LJETTEBS. 
IST  COL.         2d  col. 

Sh*  t.  d. 


h 


2h 
3/i4-« 


3^+2*       3/ie+e» 


sit-fse+tf  3A>-f s/ie+e*  T. ». 

3/^»-|-6/^e+3<» 

or,3(/^-fe)» 


3(y^-fe)»4-3(^+«)«H-tt» 


ply,  subtract,  and  bring  down  the  next  period. 

We  then  add  the  2d  term  of  the  root,  4,  to  the  last  number  in  the  Ist 
col.,  making  68,  multiply  the  result  by  the  last  term  of  tlie  root,  4,  write 
the  result  under  the  true  divisor,  add,  and  the  sum  is  the  next  trio/ (fivisor, 
before  using  which  we  add  the  last  term  of  the  root,  4,  to  the  last  number 
in  1st  col.,  making  72.  We  then  find  the  next  term  of  the  root,  annex  it 
to  the  last  number  in  1st  col.,  72,  multiply  the  result  by  the  last  term  of 
the  root,  write  the  result  removed  two  places  to  the  right,  under  the  trial 
divisor,  add,  and  the  sum  is  the  true  divisor,  etc. 

Rule. — I.  Begin  at  units  and  separate  the  number  into 
periods  of  three  figures  each,  and  find  the  greatest  number 
whose  cube  is  contained  in  the  left  hand  period. 

1 1.  Write  the  first  term  of  the  root  at  the  left  for  the 
first  term  of  the  Ist  col,,  and  its  square  for  the  first  ierm 
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of  the  2d  ool.,  and  its  cube  under  the  left  hand  period ;  svU>- 
tract  and  annex  to  the  remainder  the  next  period  for  the 

FIRST  DIVIDEND. 

ill.  Add  the  first  term  of  the  root  to  the  first  term  of  1st 
coi,,^  for  its  second  term;  multiply  the  second  term  by  the 
root  found y  and  add  the  product  to  the  first  term  of  2d  col., 
for  a  TRIAL  DIVISOR,  before  using  which  add  the  root  to  the 
last  term  in  1st  col. 

1  y.  Find  the  second  term  of  the  root  by  dividing  the  divi- 
dend by  the  trial  divisor  with  two  ciphers  annexed  ;  annex 
this  second  term  of  the  root  to  the  last  term  in  1st  ool.,  m.uU 
tiply  the  result  by  the  second  term  of  the  root,  and  add  the 
product  advanced  tuw  places  to  the  right  to  the  trial  divisor, 
and  the  result  will  be  the  true  divisor. 

V.  Multiply  the  true  divisor  by  the  last  term  of  the  root 
found,  subtract  the  result  from  the  dividend,  annex  the  next 
period  to  the  remainder  for  the  next  dividend,  and  proceed 
in  like  manner  until  all  the  periods  have  been  used, 

NoTB. — Require  the  pupils  to  apply  this  method  to  the  problems  giver 
under  the  preceding  n£le. 

CONTRACTIONS  IN  CUBE  ROOT. 
838.  The   work  of  obtaining  approximate  roots  may 
be  shortened  by  the  following  method : 

1.  Extract  the  cube  root  of  2  to  four  decimal  places. 

Solution. — We  perform 
the  division,  a  \  in  tho  New 
Method,  till  we  have  found 
three  of  the  required  figures 
of  the  root.  The  trial  divi- 
sor at  this  point  will  be 
46875,  and  the  correspond- 
m^  lemaiuder  46875.  Now 
if  we  were  continuing  the 
oiJeration  regularly,  we 
would  annex  three  ciphers 
to  the  remainder  and  two 
to  the  divisor,  hence  when 
we  begin  to  drop  the  last 
fifjures  as  in  Art.  278,  wo 
must  drop  two  from  the 
divisor  for  one  from    the 


OPERATION. 


2 

1 


(1.2599 


t.  d. 


6 
4 — 

864 
_4- 

432- 


180 
25— 


—  T.  D. 

it.  d. 


lOOu 


728 


272000 


45025 
25- 

46875 


T.  D. 


225125 

46875 
4219 

468 
42 
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remainder.  Then  divHlin^  4GS7  by  468  the  quotient  figure  mast 
be  9,  and  multiplying  (adding  in  what  would  be  carried  from  the 
product  oi  9  l>y  75).  we  have  4219,  and  a  remaiudei*  of  468.  Then 
4  IK  contained  in  40,  9  times  (adding  in  9  timet}  68),  and  the 
division  is  finished,  as  no  more  terms  remain  in  the  divisor. 

Rule. — Extract  the  eiibe  rooty  us  vntuly  until  one  more  than 
fuiff  i/te  tenHH  retjnired  in  the  root  have  been  found  ;  tfien  with 
the  trial  divisor  and  lad  remainder  proceed,  as  in  eontraeted 
division  ofdecimalsy  to  find  the  oihr  terms  of  the  root,  dropping 
iwofiyiires  instead  of  one  from  the  divisor  at  each  step,  and  one 
from  each  remainder. 


2.  ^3.  Am,  1.4422+. 

»•  ^4.  Am.  1.5873-f. 


9-  ^11.        Am.  2.22398+. 
1^-  ^24.       Am.  2.8844992. 


*•  ^5.  Ans,  1.7099+.   H.  f^K     Ans,  2.924018—. 

S-  ^67  ^/i«.  1.8171+.;  12.  fMidAns.  .1991632+. 

«•  fT.  Am,  1.9129+.  i  13.  T^b.         Am.   .62996+. 


7.  f  9.  Am.  2.08008+. 

8.  i?'iO.        Am.  2.15443+. 


!*•  i^2k8X4|/8.         Am,  4. 
15.  t^3y64x9i  64.  Am.  12. 

Find  the  value  of  the  following  expressions: 

16.  1.728i+91. 1255—3.  ^k«.  37365.1463125. 

17.  (156251  -  ^46656X  [  JJ|^]  ^^  Am.  662f. 

18.  ^512^^ #^3875 -7 X  ^7729.  ^^-  266! J. 

19.  2283  -  (1^1270"3+^101.629.  Am.  326f. 

20.  (1851931— 2161— 2809*)-10'.  Am.  19. 
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APPLICATIONS   OF   CUBE  ROOT. 

829.  The  Applications  of  cube  root  to  problems  iuvolv- 
iug  geometrical  volumes,  such  as  cubes,  parallelopipedons, 
spheres,  etc.,  are  extensive. 

830.  The  Edge  of  a  cube  is  equal  to  the  cube  root  of  its 

contents. 

EXAMPLES  FOR  PRACTICE. 

1.  Required  the  dimensions  of  a  cubical  cistern  which  con- 
tains 3375  cubic  feet.  Ans,  1.5  ft. 

2.  Required  the  entire  surface  of  a  cubical  block  which 
contains  4096  cubic  meters.  Ans.  1536  sq.  meters. 

3.  Required  the  edge  of  a  cube  equivalent  to  a  solid  40  ft 
8  in.  long,  20  ft.  6  in.  wide,  and  12  ft.  10  in.  high. 

Ans.  22.034  ft. 

4.  A  miller  wishes  to  make  a  cubical  bin  which  shall  contain 
100  bu.  of  grain  ;  what  must  be  its  depth?    Ans.  4.992  ft. 

5.  How  many  square  feet  of  boards  will  it  take  to  line  the 
four  sides  of  a  cubical  cistern  which  contains  300  barrels  of 
water?  Ans.  467.42  sq.  ft. 

6.  What  would  it  cost  to  plaster  the  bottom  and  sides  of  a 
cubical  reservoir  which  contains  200  barrels  of  water,  at  5 
cents  a  square  foot?  Ans.  $22.29. 

7.  A  farmer  wishes  to  have  a  bin  made  whose  width  shall 
equal  its  depth,  and  length  equal  3  times  its  width,  and  which 
shall  contain  150  hectoliters  of  grain  ;  required  its  dimen- 
sions.     Ans.  Length,  16.83-f-ft.;  width  and  depth,  5.61  ft. 

8.  There  is  a  granary  whose  capacity  is  5000  bushels;  its 
length  is  twice  its  breadth,  and  breadth  twice  its  height ;  re- 
quired its  dimensions.     Ans.  36.784  ft;  18.392  ft;  9.196  ft 

9.  A  f'^rmer  wishes  to  build  a  granary  containing  1920  cu* 
ft,  whose  dimensions  are  in  the  proportion  of  5,  6,  and  S; 
what  are  the  dimensions?  Ans.  10  ft;  12ft.;  16  ft. 

10.  In  digging  Mr.  Fisk's  cellar,  the  length  being  6  times, 
and  the  width  twice  the  depth,  324  loads  of  earth  were  re- 
moved ;  what  are  the  dimensions  ?  Ans.  54  ft ;  18  ft ;  9  ft. 

11.  I  have  two  cubical  boxes,  one  o^  ^VAoXi  ^'^  ^^^^'CS:^ 
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hold  a  bushel  of  wheat,  and  the  other  a  gallon  of  water-, 
what  is  the  inner  edge  of  each  1 

Ans.  1st,  12.91  in. ;  2d,  6.13  in. 

12.  A  brewer  has  a  vat  which  contains  6  barrels  of  beer 
(30  gal.),  and  its  length  and  height  are  each  equal  to  twice 
its  breadth  ;  required  its  dimensions. 

Ans.  L.  and  H.,  4.13  ft ;  B.,  2.065  ft. 

18.  If  a  hollow  sphere  4  feet  in  diameter  and  8^  inches 
thick  weigh  18  tons,  what  would  be  the  dimensions  of  a 
similar  sphere  that  would  weigh  1152  tons? 

Ans.  16  ft. ;  13  inches. 

14.  Estimating  the  area  of  the  Mississippi  Yallej  at 
1,400,000  sq.  miles,  and  the  average  annual  rain  in  the 
whole  valley  at  169,128,960,000,000  cu.  ft.,  what  will  be  the 
average  annual  depth  of  rain  water  ?  Ans.  52  in. 

SIMILAR    VOLUMES. 

881*  Similar  Volumes  are  such  as  have  the  same  shape, 

but  differ  in  size  ;  as,  cubes,  spheres,  etc. 

883«  A  Dimension  of  a  volume  is  a  length,  breadth, 
height,  diameter,  radius,  circumference,  etc. 

838*  The  Principles  of  similar  volumes  are  derived  from 

geometry. 


1.  Similar  volumes  are  to  each  other  as  the  cubes  of  their 
like  dimensions. 

2.  Like  dimensions  of  similar  volumes  are  to  each  other 
as  the  cube  roots  of  those  volumes. 

1.  If  a  globe  4  inches  in  diameter  weigh  161b.,  what  will 
a  globe  6  inches  in  diameter  weigh  ? 

Solution. — By  Prin.  1,  we  have  the  opkra.tion. 

weight  of  the  second  ball,  which  we  x  :  16  *  *  6'  *  4' 

represent  by  x  is  to  16  lb.  as  6»  is  to  4» ;  g.^  iq^  (f  )»=64,  Ant. 
whence  x  =  16x(})*,  or  16X(|)',  which  ^*'         ^ 

equals  54. 

2.  If  a  cubical  box  6  it.  long  bold  173.58  bu.,  what  will 
a  cubical  box  8  ft.  long  hold?  Ans.  411.448-f  bu. 
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8*  How  many  globes  2^  inches  in  diameter  are  equal  to 
ODO  10  inches  in  diameter  ?  Arts,  64. 

4.  There  are  two  spheres  whose  diameters  are  respec- 
tively f  in.  and  3|  in. ;  required  the  relation  of  their  con- 
tents. Arts,  2d  is  216  times  the  first 

5.  If  a  tree  1  foot  in  diameter  yields  2  cords  of  wood,  how 
much  wood  is  there  in  a  similar  tree  3  ft.  6  in.  in  diameter  ? 

Arts  85|  cords. 

6.  There  are  two  balls  whose  diameters  are  respectively  4 
and  5  inches ;  required  the  diameter  of  a  ball  whose  conteats 
are  equal  to  the  contents  of  both.  Ans,  5.t4— . 

7.  If  a  globe  of  gold  1  in.  in  diameter  is  worth  $100,  what 
is  the  diameter  of  a  globe  of  silver  worth  $2700,  if  gold  is 
worth  15f  times  as  much  as  silver?  Arts.  *l^  inches. 

8.  There  are  three  balls  whose  diameters  are  1,  1^,  and 
If  inches  in  diameter  ;  required  the  diameter  of  a  ball  whose 
volume  equals  that  of  the  three.  Ans,  2  inches. 

9.  There  are  three  balls  whose  diameters  are  3,  4,  and  5 
inches  respectively ;  required  the  diameter  of  a  ball  which 
contains  as  much  as  the  three.  Ans,  6  inches. 

10.  Four  ladies  own  a  ball  of  thread  8  inches  iu  diameter; 
how  much  of  the  diameter  must  each  wind  off  so  as  to  share 
the  thread  equally?        Ana.  1st,  .732+in. ;  2d,.919in. ; 

3d,  1.31  in. ;  4th,  5.039  in 

EXTRACTION   OF   ANY   ROOT. 

834«  Homer's  Method,  invented  by  Mr.  Horner,  ol 
England,  is  the  best  general  method  of  extracting  roots. 

Any  root  whose  imlex  contains  only  the  factors  2  or  3,  can  be  extracte<l 
by  means  of  the  square  and  cube  root. 

Rule. — I.  Divide  the  number  into  periods  of  as  many  Jig- 
urea  each  as  there  are  units  in  the  index  of  the  root,  and  at 
the  left  of  the  given  number  arrange  the  same  number  of 
column Sf  writing  1  at  the  head  of  the  left  hand  column  and 
ciphers  at  the  head  of  the  others. 

11.  Find  the  required  root  of  the  first  period ^  write  ii  in 
the  root,  multiply  the  number  in  (fie  IsstcoLbijllvia  Jxr^V.  Ve.T^\v 
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of  the  rootf  and  add  to  the 'ML  col.,  multiply  Uvu  sum  by  tiu, 
root,  and  add  it  to  the  3d  col,,  and  thus  continue,  writing  the 
last  product  under  the  first  period;  subtract  and  bring 
down  the  next  period  for  a  dividend. 

III.  Bepeat  this  process,  stopping  one  column  sooner  at  the 
right  each  time  until  the  sum  falls  in  the  2d  col.  2%en  di- 
vide the  DIVIDEND  by  tlie  number  in  the  last  column,  which 
is  the  TRIAL  DIVISOR ;  the  result  is  the  second  figure  of  the 
root, 

IV.  Use  the  second  figure  of  the  root  precisely  as  the  first, 
remembering  to  place  the  products  one  place  to  the  right  in 
the  2d  col,,  two  in  the  3d  col.,  etc,  ;  continue  this  operation 
until  the  root  is  completed  or  carried  as  far  as  desired. 

Notes. — 1.  Only  a  part  of  the  dividend  is  used  for  findiiif  a  root  figure, 
according  to  the  principle  of  place  value.  The  partial  di^end  thuis  used 
always  terminates  with  the  first  figure  of  the  period  annexed. 

2.  If  any  dividend  does  not  contain  the  trial  divisor,  place  a  cipher  in  the 
root,  and  bring  down  the  next  period ;  annex  one  cipher  to  the  last  termol 
the  2d  column,  two  ciphers  to  the  last  term  of  the  3d,  three  to  the  4th,  and 
then  proceed  according  to  the  rule. 

1.  Extract  the  fourth  root  of  5636405776. 

1 


0 
2 

0 
4 

0 

8 

B6-3640-6776(274 
16 

2 

4 
2 

8 

12 
12 

24           ! 

(1)  32  td. 

21063 

403640 

6 

(1)  24 

609 

53063  T.  D. 
25669 

371441 

2 

321995776 

(1)  8 

7 

3009 
658 

(2)  78732  t  d. 
1766944 

87 

3667 
707 

80498944  T.D. 

321995776 

7 

94 
7 

(2)  4374 
4336 

101 

7 

441736 

2)  108 
4 

1084 


58.  ^2,  Ans.  1.1892+. 
».  ^ST  Ans.  1.245T+. 
4.  v^5r       Ans,  1.37974—. 


5.  ^100 

6.  ^67 

7.  y^lL 


Ans.  3.16227+ 
Ans.  1.34801 — . 
Ans.  1.2436—. 
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SECTION  XI. 

ARITHMETICAL  AND  GEOMETRICAL 

SERIES. 

835.  A  Series  is  a  succession  of  numbers,  each  derived 
from  the  preceding  by  some  fixed  law. 

836.  The  Law  of  a  Series  is  the  constant  relation 
existiug  between  two  or  more  terms  of  the  series. 

837.  The  Terms  of  a  series  are  the  numbers  which 
compose  it.  The  Extremes  are  the  first  and  last  terms ;  the 
Means  are  the  terms  between  the  extremes. 

838.  An  Ascending  Series  is  one  in  which  the  terms 
increase  from  left  to  right ;  a  Descending  Series  is  one  in 
which  the  terms  decrease  from  left  to  right. 

839*  There  are  many  different  kinds  of  series;  the  only 
two  suitable  for  arithmetic  are  Arithmetical  and  Geometrical 
Series.     These  series  are  usually  called  Progressions, 

ARITHMETICAL   PROGRESSION. 

840.  An  Arithmetical  Progression  is  a  series  of  num- 
bers which  vary  by  a  common  difference;   as, 

3,  5,  7,  9,  11,  13,  15. 

841.  The  Common  Difference  is  the  difference  between 
any  two  consecutive  terms;  thus,  in  the  above  series  the 
connuou  difference  is  2. 

84I3.  The  Quantities  considered  are  five,  any  three  of 
which  being  given,  the  others  may  be  found. 

QUANTITIES    CONSIDERED. 

Symbols.  SymhoJk 

1.  The  first  term,    a.     3.  The  common  difference,     d. 

2.  The  last  term,      h      4.  The  number  of  terms,      ia. 

5.  The  sum  of  all  the  terms,  S» 
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Solution. — By  Case  I.  we  have  39  =  7+             op£I^tiov. 
(No.  of  terms — 1)  X  3  J ;  hence  (No.  of  terms—        39  ^  74-(ft 1)  xBi 

1)  X  3i=39— 7 ;  and  No.  of  terms— 1=?|^,        ^^^^g^y*  ^  ^^^ 

39—7  **=~qI — hi  =  11 

or  No.  of  term8  =  -  r-  -f  1  =  11.  ^» 

Solution  2d.— Since  l  =  a+(M— 1)<I,  39=-7+in— l)X3i;  haice 
(n— l)X3t  =  39—7,  or  32,  and  u  =  32-^3i+l,  or  11. 

Note. — Require  the  pupils  to  derive  the  formula  and  solve  the  problems 
by  substituting  the  values  of  the  terms  in  the  formula.    See  Art.  843. 

Rule. —  To  find  the  number  of  terma,  divide  the  difference 
between  the  extremes  by  the  common  difference,  and  add  1. 

2.  How  maDj  days  will  it  take  a  student  to  walk  51  miles 
a  day,  if  he  goes  3^  miles  the  first  day,  6  miles  the  second 
day,  etc.  Ana,  20  days. 

3.  How  many  pigs  must  a  man  buy,  giving  $2.25  for  the 
first,  $2.37^  for  the  second,  etc.,  that  the  last  may  cost 
$4.75?  Ans.  21. 

CASE   V. 
S47*   To   insert   a   yiven   number   of  arUhtnetical 
meafis  between  two  given  numbers. 

1.  Insert  3  arithmetical  means  between  the  numbers  4 
and  12. 

Solution.— Since  there  are  3  means,  there  are         operation. 
3-J-2,  or  5  terms  in  the  whole  series;  hence  by  12—4 

12 — i         d  =  -— —  =r  2 

Cjuse  III.,  the  common  difference  equals— ^ — >  ,  ^ 

or  2 ;  hence  the  means  are  6,  8,  and  10.  •  •  ^    >   1      >    — 

Rule. —  Take  the  given  numbers  as  the  extremes,  and  the 
number  of  means  plus  2  as  the  number  of  terms  ;  find  the 
common  difference  by  Case  IIL,  add  this  to  the  smaller 
number  for  the  1st  mean^  and  so  complete  the  series, 

2.  Insert  6  arithmetical  means  between  3  and  24. 

Ans.  6,  9,  12,  15,  18,  21. 

3.  If  2  means  be  found  between  the  successive  terms  of 
the  series,  1,  7,  13,  19,  what  will  the  new  series  be? 

Ans.  1,  3,  5,  7,  9,  11,  13,  etc. 

4.  Form  an  arithmetical  series  by  writing  3  means  be- 
tween the  successive  terms  of  the  series  3,  15,  27. 

An^,  Z,  ^,  ^,  \%  \^,  18,  etc. 
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5.  A  man  bought  teas  at  prices  increasing  in  arithmetical 
progression,  the  cheapest  costing  25  cents,  and  the  dearest 
$1.10  a  pound;  what  were  the  prices  of  the  four  intermediate 
kinds?  Ans.  42/,  59/,  16/,  and  93/. 

CASB  VI. 

84S.  Given f  the  first  tertn^  the  last  term,  and  the 
nutnber  of  tertus,  to  find  the  sum  of  the  series. 

1,  The  first  term  is  3,  the  last  term  19,  and  the  number  of 
terms  5;  required  the  sum  of  the  series. 

Solution. — To  derive  the 

rule,  we  find  by  Case  III.,  operation  to  derive  the  rule. 
the  common  difference    to  Sum=   3+    7  +  11  +  15+19 

be  4.     Writing  the   series  Sum  =  19+ 15+ 11+    7+    3 

un 'fnvir'Lt -  Ue        2  X  Sum  =  22+22  +  224-22+22 
the  sum  of  the  t^o  series,         2  X  Sum  =  22  X  5  =  (3  +  19)  X  5 

and  we  have  twice  the  sum^  Sum  =  X  5  =  55 

equal  to  22  taken  5  times,  2 

that  is,  (3+19)x5;  hence, 

the  sum  equals  J  of  (3  +  19)  X  5,  or  55.      Now,  3  +  19  is  the  mm  of 

the  extremes,  and  5  is  the  tiumber  of  terms  ;   hence  we  have  the  following 

Rule. —  To  find  the  sum  of  an  arithmetical  series ,  mul- 
tiply half  the  sum  of  the  extremes  by  the  number  of  terms. 

Note. — This  Is  expressed  in  the  following  formula :  ;S*  =  X  w«  The 

2 

problem  may  be  solved  by  substituting  the  values  of  the  terms  in  this 

formula. 

?•  How  many  strokes  does  an  ordinary  clock  strike  in  24 
hours?  Ans.  156. 

8.  The  last  term  of  a  series  is  18.75,  the  common  differ- 
ence .25,  and  the  number  of  terms  18 ;  required  the  sum  of 
the  series.  Ans.  299.25. 

4«  The  clocks  in  Venice  strike  from  1  to  24 ;  how  many 
strokes  does  such  a  clock  strike  io  a  day  ?  Ans,  300. 

5«  I  discharge  a  mortgage  in  15  payments;  my  last  pay- 
ment was  $850,  and  each  payment  was  $50  greater  than  the 
preceding;  what  was  the  mortgage?  Ans.  $7500. 

6,  A  stone  falling  from  an  altitude  will  deecend  I63V  feet 
in  1  second,  3  times  as  far  the  next  second,  6  times  as  far 
the  uext  second,  etc.,  how  far  will  it  fall  in  half  a  minute? 

Ans.  2  ml  %^\  \^,  VV's.V. 
26  ^ 
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I 

7.  150  apples  are  placed  Id  a  row  2^  yards  apart,  the  first 
beiDg  3  yards  from  a  basket;  how  far  will  a  boj  travel. 
startiDg  from  the  basket,  to  gather  them  siDgly  into  the 
basket ?  Ann^  32 mi.  455 yd. 

8.  I  wish  to  set  out  75  fruit  trees  4  yards  apart  around  a 
circular  field  which  will  exactly  contain  them  in  its  circom- 
fercuce;  how  far  shall  I  have  walked  when  the  last  one  is 
planted,  if  I  plant  the  first  one  at  the  starting  point,  and 
always  go  on  the  circumference,  returning  to  the  starting 
point  every  time?  Ans,  12 mi.  196 rd.  2yd. 

9.  Suppose,  in  the  last  example,  I  had  returned  to  the 
starting  point  every  time,  but  had  taken  the  shortest  dis- 
tance on  the  circumference  of  the  circle ;  how  far  would  I 
have  walked?  Ans,  6 mi.  125 rd.  1  ft.  6  in. 

CASE  VII. 

849.  Given,  the  sum  find  any  two  of  tliese  thre^— 
the  first  term,  tlie  last  term,  or  tlie  number  of  tertns— 
to  find  the  one  not  given. 

1.  The  sum  of  an  arithmetical  series  is  63,  the  first  term  3, 
and  the  last  term  18;  what  is  the  number  of  terms? 

OPERATION. 

Solution. — By    Case   VI.,    we   have   63=  3  4- i« 

— - — X  (No.  of  terms) ;  hence.  No.  of  terms  =  2 

3  4- 18  n  =  63  i  ^  ^^ 

63-« — ^^ — ,  or  No.  of  terms  =  6.  2 

n  =  63xA  =  e 

Solution  2d. — By  Case  VT.,  we  have  S  =  -—-Xn;  multiply ing  by 

2,  we  have  2S={a-\-l)xn;  dividing  by  a+l,  we  have  n  =  '^X|  ' 

substituting  the  values  of  a  and  I,  we  have  n=63x2-5-(3+18),  which 
equals  126-1-21,  or  6. 

Rule. —  To  find  the  number  of  termSf  divide  twice  the  sum 
of  the  terms  by  the  sum  of  the  extremes. 

Note. — The  other  cases  are  solved  in  a  similar  manner.    Let  the  pupils 
derive  and  state  the  rules. 

2.  How  long  will  it  take  to  pay  a  debt  of  $3500,  the  pay- 
ments being  made  yearly  in  a  decreasing  series,  if  the  first 
and  last  are  respectively  $575  and  $125?      Ans,  10  years. 
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3.  If  I  travel  660  miles  in  15  days,  going  65  miles  the 
last  day,  increasing  regularly  each  day,  how  far  did  I  go  the 
first  day  ?  An 8,  23  miles.. 

4«  The  sum  of  the  terms  is  4935,  the  first  term  197,  and 
number  of  terms  21;  what  is  the  last  term?        Ans,  273. 

5.  J  owe  a  debt  of  $7200;  I  wish  to  cancel  it  in  16  pay- 
ments, increasing  regularly  at  each  payment,  the  first  being 
$300  ;  required  the  last  payment.  Ans,  $600. 

8ISO.  Since  there  are  five  quantities  in  Arithmetical 
Series,  any  three  of  which  being  given  the  other  two  may 
be  found,  there  are  twenty  distinct  cases. 

851*  The  rules  for  the  eight  simple  cases  are  expressed 
in  the  following  formulas: 


1.  l=a+{n—l)d. 

2.  a=l—(n—l)d. 
I— a 


3.  d= 


n— 1* 


d 


1.  /S=    ^    xn. 


2.  n= 


3.  a= 


2 

28 

a+V 

28 


4.  ?  = 


n 

28 


n 


I. 


a. 


GEOMETRICAL   PROGRESSION. 

852.  A  Oeometrical  Progression  is  a  series  of  num- 
bers which  vary  by  a  common  multiplier;  as,  2,  6,  18, 54,  etc. 

853*  The  Rate  or  Baiio  is  the  common  multiplier; 
thus,  in  the  above  series,  the  rate  is  3. 

8IS4.  In  an  Ascending  series,  the  rate  is  greater  than  a 
anit ;  in  a  Descending  series,  the  rate  is  less  than  a  unit. 

855*  The  Quantities  considered  are  five,  any  three  of 
which  being  given,  the  others  may  be  found. 

QUANTITIES  OONSIDERED. 

SytftboU.  Si/mbolt 

1.  The  first  term,    a.     3.  The  number  of  terms,      n. 

2.  The  last  term,      I.     4.  The  rate,  r. 

5.  The  sum  of  the  terms,  8* 
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7.  150  apples  are  placed  in  a  row  2}  yards  apart,  the  firgl 
being  3  yards  from  a  basket;  how  far  will  a  boy  travel, 
starting  from  the  basket,  to  gather  them  singly  into  the 
basket  ?  A  Jia^  32  mi.  455  yd. 

8.  I  wish  to  set  out  75  fruit  trees  4  yards  apart  around  a 
circular  field  which  will  exactly  contain  them  in  its  circum- 
ference; how  far  shall  I  have  walked  when  the  last  one  is 
planted,  if  I  plant  the  first  one  at  the  starting  point,  and 
always  go  on  the  circumference,  returning  to  the  starting 
point  every  time?  Ans,  12 mi.  196 rd.  2yd. 

9.  Suppose,  in  the  last  example,  I  had  returned  to  the 
starting  point  every  time,  but  had  taken  the  shortest  dis- 
tance  on  the  circumference  of  the  circle ;  bow  far  would  1 
have  walked  ?  Ans.  6  mi.  125  rd.  1  ft.  6  in. 

CASE  VII. 

849*  Given,  the  sum  and  any  two  of  tliese  three— 
the  first  term,  tlie  last  term,  or  tlie  nutnber  of  tertus— 
to  find  the  one  not  given. 

1.  The  sum  of  an  arithmetical  series  is  63,  the  first  term  3, 
and  the  last  term  18;  what  is  the  number  of  terms? 

OPERATION. 

Solution. — By    Case    VI.,    we    have   63=  ^4-ift 

3  4- 18  63  ^  — —— — X  n 

— - — X  (No.  of  terms) ;  hence,  No.  of  terms  =  2 

34-18  n  =  63-i-?±i?. 

63-i — ,  or  No.  of  terms  =  6.  2 

n  =  63x/r  =  6 

Solution  2d. — By  Case  VI.,  we  have  8  =  —^—  Xn;  multiplying  hj 

2,  we  have  28=  {a+l)xn;  dividing  by  Or^-l,  we  have  n=  gg^g  ' 

substituting  the  values  of  a  and  I,  we  have  n=63x2-5-(3+18),  which 
equals  126-5-21,  or  6. 

Rule. —  To  find  the  number  of  terms,  divide  twice  the  sum 
of  the  terms  by  the  sum  of  the  extremes. 

Note. — The  other  cnses  are  solved  in  a  similar  manner.    Let  the  puj^ 
derive  and  state  the  rules. 

2.  How  long  will  it  take  to  pay  a  debt  of  $3500,  the  pay- 
ments being  made  yearly  in  a  decreasing  series,  if  the  first 
and  last  are  respectively  $575  and  $125?      Ans,  10  years. 
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3.  If  I  travel  660  miles  in  15  days,  going  65  miles  the 
last  day,  increasing  regularly  each  day,  how  far  did  I  go  the 
first  day  ?  Ana.  23  miles.. 

4«  The  sum  of  the  terms  is  4935,  the  first  term  197,  and 
number  of  terms  21;  what  is  the  last  term?        Ana,  273. 

5.  J  owe  a  debt  of  $7200;  I  wish  to  cancel  it  in  16  pay- 
ments, increasing  regularly  at  each  payment,  the  first  being 
$800 ;  required  tbe  last  payment.  Ana.  $600. 

8tSO*  Since  there  are  five  quantities  in  Arithmetical 
Series,  any  three  of  which  being  given  the  other  two  may 
be  found,  there  are  twenty  distinct  cases. 

851.  The  rules  for  the  eight  simple  cases  are  expressed 
in  the  following  formulas: 


1.  l=a+(n'-l)d. 

2.  a=?— (n— 1)<«. 
A    ,     I— a 

3.  d= :,. 

w— 1 

A         l  —  a  ,  , 

4.  n= — 3 — hi. 

d 


1.  g=    ^     xn. 


2.  n= 


2 
28 


a+V 

3.  a= 1. 

n 


4.  f  = 


2S 


n 


a. 


GEOMETRICAL   PROGRESSION. 

852.  A  Geometrical  Progression  is  a  series  of  num- 
bers which  vary  by  a  common  multiplier ;  as,  2,  6,  18,  54,  etc. 

85S«  The  Rate  or  Batio  is  the  common   multiplier; 
thus,  in  the  above  series,  the  rate  is  3. 

SMi»  In  an  Ascending  series,  tbe  rate  is  greater  than  a 
unit ;  in  a  Descending  series,  the  rate  is  less  than  a  unit. 

855.  Tbe  Quantities  considered  are  five,  any  three  of 
which  being  given,  the  others  may  be  found. 

QUANTITIES   CONSIDERED. 

Symbols.  Sifmboli 

1.  The  first  term,    a.     3.  The  number  of  terms,      n. 

2.  The  last  term,      L     4.  The  rate,  r, 

5.  The  sum  of  the  terms,  S% 
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CASE  I. 

896.  Oivefi,  the  first  ferui,  the  rate,  and.  the  num* 
ber  of  tertuSf  to  find  the  last  tenn. 

1.  The  first  term  is  3,  the  rate  4,  and  the  number  of  terms 
7  ;  required  the  last  term. 

Solution. — The  2d  term  equaln  3  operation  to  find  the  bul£. 
X4;  the  3d  term  equals  3x4  niulti-  2d  =  3x4 

plied  by  4,  or  3x4^,  which  is  the  Ist  3d  =  3x4* 

term  into  the  2d  power  of  the  nite:  4th  =  3x4* 

the  4th  term  equals  3x4^  multiplied        hence,  7th  =  3x4«=12,288 
by  4,  or  3x4*,  which  is  the  first  term  ^ 

into  the  third  power  of  the  rate;  hence 

the  7th  term  equals  tlie  first  term  into  the  6th  power  of  the  rate,  or  3x 
4«,  which  equals  12288.  I 

Rule. —  To  find  the  last  term,  multiply  the  first  term  by 
the  rate  raised  to  a  power  one  less  than  the  number  ofi  ierma. 
Note. — This  rule  may  be  expressed  by  the  formula  l  =  ar'^^, 

2.  The  first  term  is  4,  rate  5,  and  the  number  of  terms  7  ; 
required  the  last  term.  Ana,  62,500. 

3.  The  first  term  is  24,  rate  ^,  and  number  of  terms  10 ;  | 
required  the  last  term.                                              Ans,  ^^-.  I 

4  The  first  term  of  a  progression  is  -^  and  the  rate  3  ; 
required  the  8th  term  Ans.  27. 

5.  The  first  term  of  a  progression  is  1953^,  and  the  rate 
§  ;  required  the  6tL  term.  Ans.  20. 

6.  If  I  were  to  buy  12  sheep,  giving  1  mill  for  the  fir:^r., 
2J  mills  for  the  second,  6J  mills  for  the  third,  etc.,  wLfit 
would  I  pay  for  the  last  sheep  ?  Ans,  $23.841^{-|^. 

7.  If  I  were  to  buy  20  cows,  giving  1^  cents  for  the  frst 
cow,  3  cents  for  the  2d,  6  cents  for  the  3d,  etc.,  what  wonld 
be  the  price  of  the  last  cow  ?  Ans.  $7864.32. 

8.  What  is  the  amount  of  $50  at  compound  interest  for  7 
years  at  6%  ?  Ans.  $75  18. 

9.  Required  the  amount  of  $100  for  10  years  at  5  per 
cent,  compound  interest.  Ans.  $162,889. 

10.  It  is  said  that  one  stem  of  the  hyoscyamns  sometimes 
produces  more  than  50,000  seeds ;  if  every  seed  should  pro- 
dace  a  fertile  plant,  how  many  plants  would  there  be  i « the 
fourth  crop  from  a  single  seed  ?      Ans.  6250  quadrillio  la 
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CASE   U. 

S57«  Given,  the  last  term,  the  number  of  tenns,  and 
the  rate,  to  find  the  first  term. 

1.  The  last  term  of  a  geometrical  series  of  10  terms  is  1536, 
and  the  rate  2  ;  what  is  the  first  term  ? 

S01.UTION.— From  Case  I.,  we  have  1536  = 
a  X  2'  ;  hence  the  first  term  equals  1536 
divided  by  2»,  or  1536  -f-512,  which  equals  3. 


Solution  2d.— Since  1=  ar^^K  by  dividing 
both  members  by  r*^*,  we  have  a  =^^^^  ;  and 


substituting    the  values  of   I,  r,  and  n,  in 
this  formula,  we  have  a  =  1536  h-  512  =  3. 


OPEBATION. 

1536  =  ax2» 
a  =  1536-H2» 
a  =  1536-^512  =3. 

OPERATION. 

I  =  ar^"^ 
I 

Rule. —  To  find  the  first  term^  divide  the  last  term  by  the 
rate  raised  to  a  power  one  less  than  the  number  of  terms, 

2.  The  seventh  term  of  a  geometrical  series  is  3645,  and 
the  rate  3  ;  what  is  the  first  term  ?  Ans.  5. 

3*  What  sum  at  compound  interest  for  7  years  at  6%  will 
amount  to  $75.18 '(  Ans,  $50. 

4,  If  a  person  travels  6  days,  going  ISjV  miles  the  last 
day  of  the  journey,  and  at  a  rate  f  as  great  any  one  day  as 
the  preceding  day,  how  far  does  he  go  the  first  day  ? 

Ans.  64  miles. 

CASE   UI. 

S5S«  Given f  the  extretnea  and  the  number  of  tevfns,  t4f 
find  the  rate. 

1,  The  extremes  of  a  geometrical  series  are  5  and  5120, 

and  the  number  of  terms  6 ;  what  is  the  rate  ? 

OPERATION. 

Solution. — From  Case  I.,  we  have  5120=5  X 
r*,  hence  the  rate  raised  to  the  5th  power  equsils 
5120  divided  by  5,  or  1024;  factoring  1024  aocor- 
mg  to  Art.  167,  we  have  r  =  4. 


Solution  2d. — Since  /  =  ar*-*,  by  dividing 

both  members  by  a,  we  have  r"— *= —    and 

a 

substituting   the  values  of  I,  a,  and  n,  in  this 
formula,  and  factoring,  we  have  1*  =  4. 


5120  =  5  X  r» 
r»=5120H-£ 
r»  -= 1024 
r  =  4 

OPERATION. 

I  —  ar^-^ 


a 
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Kale. —  To  find  the  rate,  divide  the  Icmt  term  by  the  firsl^ 
and  take  a  root  of  the  quotieni  one  leas  than  the  number  of 
terms. 

2.  The  first  term  of  a  series  is  5,  last  term  1280,  and  nam- 
ber  of  terms  9 ;  what  is  the  rate  ?  Ans.  2. 

8.  The  amount  of  $90  for  6  years,  at  eompoand  interest, 
is  $135.0657  ;  what  is  the  rate  ?  Ana.  7%. 

4.  The  amount  of  $240  for27r.  3mo.,  at  eompoand  inter- 
est payable  quarterly,  is  $286.8221 ;  what  is  the  annual 
rate?  Ans.  8%. 

CASK  IV. 

S59*  O-iven,  tJie  exiretnes  and  the  rate,  to  find  th0 
nutnber  of  terms, 

1.  The  last  term  is  54,  first  term  2,  and  rate  3 ;  what  is 
the  number  of  terms  ? 

Solution.— From  Case  I.,  we  derive  54  =  2  X  operation. 

3^» ;  dividing  by  2,  we  have  3»-i=27,  that  is,  a  ^^i^Jl^^ 

power  of  3  one  less  than  the  number  of  terms  equals  3^27 

"  27 ;  hence  if  we  take  out  the  factor  3  from  27  gTg 

until  we  reach  1,  the  number  of  such  divisors  q\q' 

plus  1  will  equal  the  number  of  terms,  which  y 

183.  3  +  1  =  4. 

Solution  2d. — Since  l^^^ar'^^  r*~^  will  opxbation. 

equal-,    and  substituting,  we  have3*~*  =  27,        *      ^^^ 

and  by  factoring,  n  —  1  =  3,  and  n=4.  '"'^     ^^  ~| 

3"-i=27  =  3» 
n  =  4 

Rule* — Divide  the  last  term  by  the  firsts  divide  this  quo- 
tient by  the  rate,  and  thus  continue  in  successive  diuMon^ 
until  the  quotient  is  1  ;  the  number  of  divisors,  plus  1,  will 
be  the  number  of  terms. 

2«  The  first  term  is  8,  the  last  term  512,  and  the  rate  4; 
required  the  number  of  terms.  Ans,  4. 

3.  The  first  term  is  4,  the  last  term  78732,  the  rate  3 ;  re- 
quired the  number  of  terms.  Ans,  10 

4*  The  first  term  is  ^,  the  last  term  ^^Aia*  ^^^  ^^^  i  t 
«rK«+  Ig  f2)e  number  of  terma?  Aiv*.  ^. 
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CASE   V. 

SOO*  To  insert  a  given  number  of  geornetricai 
means  between  two  given  numbers, 

1.  Insert  3  geometrical  means  between  3  and  768. 

Solution. — Since  there  are  3  means,  there  are  operation. 

3^2,  or  5  terras  in  the  series;   hence  by  Case  III.,  768-^^3=256 

the  rate  equals  ^768-t-3,  or  v256,  which  equals  ^256  =  4  rate 

4 ;   and  multiplying  the  first  term  by  the  rate,  we  .^  12  48  192. 

have  12,  48,  192,  as  the  required  means.  •  •     >      > 

Rule. —  Take  the  given  numbers  as  the  extremes^  and  the 
number  of  means  plus  2  as  the  number  of  terms ;  find  the 
rate  by  Case  IIL,  multiply  this  by  the  smaller  number  for 
the  first  mean,  and  thus  complete  the  series, 

2.  Insert  three  geometrical  means  between  5  and  405. 

Ans.  16,  46,  136. 

3.  Insert  6  geometrical  means  between  7  and  646875. 

Ans,  36,  176,  875,  4376,  21876,  109376.. 

4.  Insert  four  geometrical  means  between  1^  and  ^f,  and 
write  the  series.  Ans,  1|,  1,  |,  ^,  ^,  |f. 

5.  If  two  means  be  found  between  the  successive  terms 
of  the  series  1,  8,  64,  512,  4096,  what  will  the  new  series  be? 

Ans.  1,  2,  4,  8,  16,  32,  64,  128,  266,  612,  1024,  2048,  4096. 

CASE  VI. 

^Gl*  Q-iven,  tlie  first  term,,  tlie  rate,  and  the  last 
terfn  or  the  number  of  terms,  to  find  the  sum  of  the 
terms. 

1.  The  first  terra  is  3,  rate  4,  and  number  of  terms  6; 
required  the  sum  of  the  terms. 

Solution. — Writing  operation  to  find  the  rule. 

the    series     expressing  Sum  =  3+12+48+192+768 

the  sum,  multiplying  it  Sumx4=       12+48+192+768+768x4 

by  the  rate,  and  taking  ^  „      —— — ~ — — ^ ■ ■ 

the    difference    of    the  Sum  X  3  =  768x4-3 

two    series,    we    have        Sum  ^  ^^^  ^  ^"^  =  1023 

3  times  the  sum  equals  3 

768x4—3,    hence    the 

sum  equals  (768x4— 3) -t-3,  or  1023.     In  this  solution  we  observe  thai 

we  have  the  last  term  multiplied  by  the  rate,  the  product  diminxAhM,  \s^ 

the  first  termj  and  the  difference  divided  by  the  rale  m\uu&  wwe, ;  >as3CkRfc  ^^^ 

following  rule : 


J 
i   I 
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Rule. —  To  find  the  sum,  multiply  the  last  term  by  the 

rate,  subtract  the  first  term,  and  divide  the  remaifider  by 

the  rate  diminished  by  unity, 

If^ — d 
Notes. — 1.  This  rule  is  expressed  in  the  following  formula:  S  ^ —' 

T — 1 

2.  In  a  descending  series,  we  subtract  the  product  of  the  last  term  and  .'j 

the  rate  from  the  lirbt  tenn,  and  divide  the  remainder  by  1  minus  the  rate. 
\\.  If  tlie  number  of  terms  is  given,  we  first  find  the  last  term  by  Case  I. 

EXAMPIiES    FOH    FZ2ACTZCS. 

Find  tlie  sum 

2.  Of  2,  6,  18,  54,  etc.,  to  10  terms.  Ans,  50048. 

3.  Of  3,  G,  12,  24,  etc.,  to  12  terms.  Ans.  12285. 

4.  Of  *;  8732,  26244,  etc.,  to  10  terms.  Ans.  118096. 
6.  Of  3,  6,  4J,  etc.,  to  11  terms.  Ans,  30y\i^^. 

6.  Of  |,  \,  \,  f,  etc.,  to  9  terms.  Ans.  2|f||. 

7.  Of  1— i+i— i+iV»  ®^c.,  to  10  terms.         An%.  ff^. 

8.  S'i>pose  a  person  to  be^in  trading  on  a  capital  of 
$2000,  %nd  to  increase  his  capital  by  \  of  itself  each  year 
for  12  rears,  what  would  be  the  final  amount  of  his  capital? 

Ans,  $137,519.16. 

9.  If  a  lady,  married  on  the  1st  of  January,  received  $1 
from  ler  father,  with  a  promise  of  $5  on  the  1st  of  Febru- 
&i*y>  t'35  on  the  1st  of  March,  and  continuing  at  the  same 
rate  fiT  a  year,  what  was  her  dowry  ?     Ans,  $61,035,156. 

10*  If  10  stones  are  laid  in  a  line,  the  first  being  4  feet 
from  i  heap,  the  second  12  feet,  the  third  36  feet,  and.  so  on 
in  a  fjeometrical  series,  how  far  will  a  boy  walk  who  picks 
them  up  and  puts  them  on  the  heap  one  by  one,  if  he  starts 
from  the  heap  in  the  first  place?  Ans,  236192  ft. 

11.  A  man,  inquiring  the  price  of  a  horse,  and  being  told 
it  was  $350,  said  it  was  too  much,  whereupon  the  owner 
?aid,  "The  horse  has  24  nails  in  his  shoes;  if  yon  will  give 
me  1  mill  for  the  first  nail,  2  mills  for  the  second,  and  so  on, 
doubling  the  price  at  every  nail,  you  shall  have  him,  on 
condition  that  if  you  are  dissatisfied  with  your  bargain,  you 
shall  pay  my  first  price."  The  purchaser  consented;  which 
bargain  was  he  likely  to  agree  to  finally,  and  how  much 
would  he  pay  by  the  last  coud\t\oiCL^        Au%.  %V^>111.215. 
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CASK  vn. 

S63*  Given,  the  sum  of  the  terms  and  any  two  of 
these  three,  ttie  first  term,  tfie  last  tertn^  or  tlie  rate, 
to  find  tfie  remaining  one. 

803*  From  the  formula  for  the  sum  we  readily  obtain 
the  three  following  formulas,  which  the  pupils  will  derive 
and  state  in  the  form  of  rules : 

S—l'  r         ^  ^        ^ 

EXAMFLiES   FOH    FHACTiaB. 

1.  Givea,  the  first  term  12,  the  last  term  26244,  and  sum 
of  the  series  39360,  to  find  the  rate.  Ans.  3. 

2.  Given,  the  first  term  |,  the  last  term  ^^-,  and  sum 
of  series  lf^J4,  to  find  the  rate.  Ans,  |. 

3.  Given,  the  rate  5,  the  first  term  8,  and  the  sum  of  the 
series  156248,  to  find  the  last  term.  Ans.  125000. 

4.  The  rate  is  ^,  the  first  term  200,  and  the  sum  of  the 
series  266ff f ;  what  is  the  last  term  ?  Ans,  ^^, 

5.  The  last  term  is  196608,  the  rate  8,  and  the  sum  of  the 
series  224694  ;  what  is  the  first  term  ?  Ans.  6. 

6.  The  last  term  is  136|^,  the  rate  f,  and  the  sum  of  the 
series  3685j-f ;  what  is  the  firat  term  ?  Ans.  1024. 

804*  Since  there  are  five  quantities  in  Geometrical  Pro- 
gression, any  three  of  which  being  given,  the  other  two 
may  be  found,  there  are  twenty  distinct  cases. 

865.  The  rules  for  the  eight  simple  cases  are  expressed 
in  the  following  formulas : 


1.  i=ar''-K 
I 


2.  a= 


yv 


\1V—i 


4.  ^=-^1 — hi. 

log  r 


1.  5=^*-« 


2.  1  = 


r-1 

S(r-l)+a 


3.  a=lr—S(r—l). 
8— a 

^~8-r 


Note. — For  the  formulas  by  which  every  one  of  th&  tw«c&.^  ^^otsfiScSa^ 
cues  may  be  solved,  see  Elementary  Algebra. 
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INFINITE   SERIES. 

866.  Ad  Infinite  Series  is  a  series  in  which  the  Dum- 
ber of  terms  is  iDflDitc. 

807*  Id  a  desccndiDg  series  of  ao  iofinite  number  of 
terms,  the  last  term  becomes  so  small  that  it  is  considered 

£ero  :  the  formula,  S=— becomes  S=- ;  hence  we 

'  1  — r  1— r 

have  the  followiDg 

Rule. —  'To  find  the  sum  of  an  infinite  series,  divide  the 
first  term  by  unity  diminished  by  the  rate, 

1.  What  is  the  sum  of  the  iufinite  series  2+i+ j-+^f 

etc.  ? 

Solution. — In  this  series,  the  first  term  is  opb&ation. 

2,  and  the  rate  ^,  and  tiie  last  term  may  be  2 

regarded  as  zero,  hence  the  series  equals  2  Sum  ■=  - — p=  3,  An$ 
divided  by  1 — J,  or  2-i-5,  wliich  equals  3.  ^    » 

KXAMFIiES    FOH    FZ^ACTICE. 

Fiud  the  sum  of  the  following  iufinite  series  : 

2.  Of  1,  I,  J,  |,  etc.  Ans.  2. 

3.  Of  i,  I,  ^^,  tW,  etc.  Ans.  8. 

4.  Of  1,  I,  ^,  ^,  etc.  Ans.  If 
o.  Of  I  i^,  /jOj,  etc.  Ans.  If 
C.  Of  .45=. 4546  etc.=y*^+y^^5^py,  etc.             Ans.  ^. 

7.  Of  .216  aDd  .4158.  Ans.  ■^;  ^. 

8.  Of  .35  i  35  and  .9285714.  Ans.  if;  ff. 

5>-  l-i+i-i+iTr»  etc.  An8.  |. 

10.  If  a  body  should  move  ^  a  mile  the  1st  second,  ^  of  a 
mile  the  2d  second,  and  so  on  until  it  stops,  how  far  wonld 
it  move  ?  Ans.  1  mile. 

11.  A  ball  dropped  from  the  ceiling  of  a  room  12  ft.  high, 
bounds  back  6  ft.,  then  falling,  bounds  back  3  ft.,  and  so  on ; 
how  far  will  it  move  before  coming  to  rest  ?       Ans.  36  ft. 

12.  A  fox  aDd  houDd,  16  rods  apart,  ruD  so  that  when  the 
honnd  has  ruD  the  16  rods,  the  fox  has  ruD  4  rods,  and  when 
the  hound  has  ruu  these  4  rods,  the  fox  has  ran  1  lod,  etc.; 
how  far  will  the  hound  run  to  catch  the  fox  ? 

.1718.  214  rods. 
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SECTION    XII. 
HIGHER  PERCENTAGE. 

COMPOUND  INTEEEST. 

868.  Compound  Interest  is  interest  on  both  principal 
and  interest,  when  the  interest  is  not  paid  when  due. 

Compound  interest  assumes  that  if  the  borrower  does  not  pay  the  in- 
terest when  due,  it  is  proper  that  he  should  pay  interest  for  it  until  paid 
Some  regard  it  as  just,  but  it  has  not  the  sanction  of  law. 

869.  Compound  Interest,  like  Simple  Interest,  may 
be  treated  under  four  cases. 

CASE  I. 

870.  Chiven,  the  principal,  the  rate,  and  the  time, 
to  find  the  compound  interest  or  amount. 

I.  What  is  the  compound  interest  of  $500  for  3  years,  at 
5%? 

Solution.— Multiplying  by  the 
rate  per  cent.,  we  find  the  interest 
for  1  year  to  be  $25 ;  adding  this 
to  the  principal,  we  find  the 
amount  to  be  $525,  which  is  the 
principal  for  the  second  year; 
multiplying  the  new  principal  by 
the  rate,  we  find  the  interest  for 
the  second  year  to  be  $26.25,  and 
adding  this  to  the  2d  principal, 
we  find  the  amount  for  the  2(1 
year  to  be  $551.25;  and  so  pro- 
ceeding, we  find  the  amount  for 
3  years  to  be  $578.81,  from  which 
we  subtract  the  first  principal, 
and  the  remainder,  $78.81,  is  the 
compound  interest.  Hence  the 
following  ^^gg^    =  Com.  Int.  for  3  yr. 

Rule. — I.  Find  the  amount  of  the  principal  for  the  first 
period  of  the  time  for  which  interest  is  reckoned,  and  make 
this  the  principal  for  the  second  period, 

II.  Find  the  amount  of  this  principal  for  the  next  period , 
and  thus  continue  till  the  end  of  the  giveu  ti-me. 


OPERATION. 

$500 
.05 

25.00: 

500 

=  Int.  1st  yr. 

625.00  = 
.05 

=Amt.  1st  yr. 

26.25  = 
525 

=  Int  2d  yr. 

551.25  = 

.05 

=  Amt  2d  year. 

27.6626  = 
551.25 

=  Int.  3d  yr. 

578.81    = 
500 

=  Amt  3d  yr. 
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III.  Subtract  the  given  principal  from  Uie  last  amount, 
and  the  result  will  be  the  compound  interest. 

Notes. — 1.  When  the  interest  Is  due  seml-annuallj  or  qnarterljy  we  find 
the  interest  for  Ruch  time  and  proceed  as  above  directed. 

2.  When  the  time  is  for  years,  months,  and  days,  find  the  amount  for 
the  years,  then  compute  the  interest  on  this  for  the  months  and  days,  and 
add  to  the  last  amount  before  subtracting. 

?•  What  is  the  compound  interest  of  $650  for  6  years  3 
months  ?  Ans,  $232.89. 

3.  What  is  the  compound  amount  of  $5340  for  4  jr.  3  mo. 
8 da.  at  7%  ?  Ans.  $7133.03. 

4.  What  is  the  compound  interest  of  $5000  at  10%  for  2 
years,  payable  quarterly?  Ans,  $1092.01. 

5.  What  is  the  amount  of  $8350  for  5  yr.  7  mo.  24  da.  at 
8%,  payable  semi-aunually  ?  Ans.  $13008.69. 

6.  Find  the  compound  interest  of  $1800,  invested  at  7% 
for  3  years,  and  then  at  8%  for  2  years.  Ans.  $772. 

871*  The  calculation  of  compound  interest  is  facilitated 

by  the  use  of  a  table,  for  which  see  Appendix. 

Rule. — Find  from  the  table  the  amount  for  the  given 
number  of  periods  at  the  given  rate,  and  multiply  this 
amount  by  the  principal.  If  there  is  any  remaining  time, 
find  the  amount  of  this  product  at  the  given  rate  for  the 
time ;  the  result  will  be  the  compound  amount^  from  which 
subtract  the  given  principal  for  the  compound  interest. 

Notes. — 1.  If  the  time  exceeds  the  limits  of  the  table,  calculate  the 
amount  for  a  convenient  length  of  time  by  the  table,  take  this  amount  as  a 
principal,  and  calculate  the  amount  for  the  remaining  time. 

2.  If  partial  payments  are  made  on  notes  bearing  compound  interest,  the 
amount  of  the  principal  must  first  be  found,  and  the  sum  of  the  amounts 
of  the  indorsements  subtracted  from  it. 

1.  What  is  the  compound  interest  of  $7500  for  25  years, 
at  8%?  Ans.  $43,863.56. 

2»  What  is  the  compound  interest  of  $5760  for  15  yr.  4 
mo.  24  da.,  at  10%  ?  Ans.  $19,263.39. 

3.  What  is  the  amount  of  $664  for  30 yr.  at  6%,  payable 
semi-annually?  Ans.  $3911.77. 

4.  What  is  the  compound  interest  of  $100  for  40  years  at 
!$%,  interest  payable  quarterly?  Ans.  $2276.98. 
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5.  What  is  the  difference  between  the  simple  and  com- 
pound interest  of  $400  for  33  yr.  4  mo.  ?        Ans.  $1590.96. 

6.  What  sum  in  15  yr.  2  mo.  27  da.,  at  6  per  cent,  simple 
interest,  will  amount  to  the  same  as  $5000  for  the  same  rate 
and  time  at  compound  interest,  payable  semi-annually  ? 

Ans.  $6431.07. 
7*  A  gentleman  deposits  in  a  savings  bank,  at  the  birth  of 
his  son,  $1000  to  be  paid  him  when  he  comes  of  age,  interest 
at  6%  compounded  semi-annually;   what  will  the  deposit 
amount  to  at  the  time  it  is  due  ?  Ans.  $3460.70. 

8.  Mr.  Adams  left  $20,000  to  be  equally  divided  between 
his  son  and  daughter,  directing  that  the  daughter,  who  was 
8yr.  6  mo  18  da.  old,  should  receive  her  share  when  she  was 
18  years  old,  and  the  son,  who  was  lOyr.  3  mo.  15  da.  old, 
should  receive  his  when  he  was  21 ;  what  will  each  receive, 
if  the  money  is  invested  in  a  savings  bank  at  4  per  cent, 
compounded  semi-annually  ? 

Ans.  Son,  $15282.97  ;  daughter, $14539.55. 

9.  $700.  New  York,  May  19, 1876. 
Three  months  after  date ,  I  promise  to  pay  James  Wilkins, 

or  order.  Seven  Hundred  Dollars^  for  value  received,  vdth 
compound  interest  at  *l%.  '        Georqe  Booth. 

Indorsements :  Dec.  15, 1876,  $100 ;  May  19, 1 877,  $300 ;  Sept.  30, 1877, 
$150. 

What  was  due  May  19,  1878  ?  Ans.  $213.47. 

CASE  II. 

S7!S.  Oiven,  the  compound  interest  or  amount ^  the 
time,  and  the  rate,  to  find  tFie  principal* 

1.  What  principal,  at  6  per  cent,  compound  interest,  will 

yield  $1007.26  in  7  years  ? 

Solution. — The  compound  interest  of  oPEiiATioir. 

f  Jn^ToI  ^®^.u  ^*  ^^  "^  $0.503634  ,  and    $i007.26^-.60363=:$2000. 
$1007.26  18  the  compound  interest  of  as 

many  dollars  as  $0.50363  is  contained  times  in  $1007.26,  which  is  $2000. 

Rule. — Divide  the  given  interest  or  amount  by  the  interest 
or  amount  of  %l  for  the  given  rate  and  time,  to  find  the 
prinripal. 
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Rule. —  To  find  the  rate,  divide  the  last  term  by  the  first^ 
and  take  a  root  of  the  quotient  one  less  than  the  number  of 
terms. 

2.  The  first  term  of  a  series  is  5,  last  term  1280,  and  num- 
ber of  terms  9 ;  what  is  the  rate  ?  Ans.  2. 

8.  The  amount  of  $90  for  6  years,  at  compound  interest, 
is  $135.0657  ;  what  is  the  rate  ?  Ana.  7%. 

4*  The  amount  of  $240  for27r.  3mo.,  at  compound  inter- 
est payable  quarterly,  is  $286.8221 ;  what  is  the  annual 
rate?  Ans.  8%. 

CASK  IV. 

S59*  G-iven,  fJie  extretnes  and  the  rate,  to  find  th0 
number  of  tertns, 

1.  The  last  term  is  54,  first  term  2,  and  rate  3 ;  what  is 
the  number  of  terms  ? 

Solution.— From  Case  I.,  we  derive  54  =  2  X  operation. 

3^» ;  dividmg  by  2,  we  have  3—1=27,  that  is,  a        In^^il^^ 
power  of  3  <me  less  than  the  number  of  terms  equals  3)27 

27 ;  hence  if  we  take  out  the  factor  3  from  27 
until  we  reach  1,  the  number  of  such  divisors 


Z)9_ 
3)3 


plus  1  will  equal  the  number  of  terms,  which  -7 


is  3. 


3  +  1  =  4. 


Solution  2d. — Since  Isssar'^^f  r*~i  will         opbbation. 
equal-,    and  substituting,  we   have3*~*  =  27,        *=«»*" 

and  by  factoring,  n  —  1  =  3,  and  n=4.  ^     "^  "l 

3"-i=27  =  3« 
n  =  4 

Rule* — Divide  the  last  term  by  the  firsts  divide  this  quo' 
tient  by  the  rate^  and  thus  continue  in  successive  division^ 
until  the  quotient  is  1  ;  the  number  of  divisors^  plus  1,  will 
be  the  number  of  terms. 

2«  The  first  term  is  8,  the  last  term  512,  and  the  rate  4 ; 
required  the  number  of  terms.  Ana,  4. 

3.  Tbe  first  term  is  4,  the  last  term  78732,  the  rate  3 ;  re- 
quired the  number  of  terms.  Ans,  10 

4.  The  first  term  is  ^,  the  last  term  ytAt-^^  *^®  ^^^  \  1 
ivb&t  is  the  number  of  terms?  A?^*,  ^, 
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CASE   V. 

SGO*  To  insert  a  given  number  of  geometrical 
means  between  two  given  numbers, 

!•  Insert  3  geometrical  means  between  3  and  768. 

Solution. — Since  there  are  3  means,  there  are  operation. 

34-2,  or  5  terms  in  the  series;   hence  by  Case  III.,  768-^-3  =  256 

the  rate  equals  V^768-r-3,  or  n/256,  which  equals  ^256=4  rate 

4 ;   and  multiplying  the  first  term  by  the  rate,  we  .^  12  48  192. 

have  12,  48,  192,  as  the  required  means.  •  •     >      > 

Rule. —  Take  the  given  numbers  as  the  extremes^  and  the 
number  of  means  plus  2  as  the  number  of  terms;  find  the 
rate  by  Case  IIL,  multiply  this  by  the  smaller  number  for 
the  first  mean  J  and  thus  complete  the  series, 

2.  Insert  three  geometrical  means  between  5  and  405. 

Ans.  15,  45,  135. 

3.  Insert  6  geometrical  means  between  1  and  546875. 

Ans.  35,  175,  875,  4375,  21875,  109375.. 

4.  Insert  four  geometrical  means  between  1^  and  ^f,  and 
write  the  series.  Ans.  1|^,  1,  f,  ^,  ^,  \^. 

5.  If  two  means  be  found  between  the  successive  terms 
of  the  series  1,  8,  64,  512,  4096,  what  will  the  new  series  be? 

Ans.  1,  2,  4,  8,  16,  32,  64,  128,  256,  512,  1024,  2048,  4096. 

CASE  VI. 

^Gl*  Oiven^  the  first  term,  tlie  rate,  and  the  last 
ter^n'or  tlie  nutnber  of  terms,  to  find  the  sum,  of  the 
terms. 

1.  The  first  terra  is  3,  rate  4,  and  number  of  terms  5; 
required  the  sum  of  the  terms. 

Solution. — Writing  operation  to  find  the  rule. 

the    series     expressing  Sum  =  3+12+48+192+768 

the  sum,  multiplying  it  SumX 4  =       12+48 +192+ 768+768 X 4 

by  the  rate,  and  taking  ^  ^ — — ^ ■ ' 

the   difference    of    the  SumX 3  =  768x4— 3 

two    series,    we    have        Sum  =  ^^^  ^  ^"^  =  1023 

3  times  the  sum  equals  3 

768x4—3,    hence    the 

sum  equals  (768x4— 3) -i-3,  or  1023.     In  this  solution  we  observe  thai 

we  have  the  last  term  mtUtipUed  by  the  rate,  the  product  <iCmv«.\;^V«A.  \s^ 

the  first  term,  and  the  difference  divided  by  VW  rale  mmua  wx*. ;  \\r»kr:  ^^o» 

following  rule : 
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Rule. —  To  find  (he  Bum^  multiply  the  last  term  by  the 
rate,  subtract  the  first  term,  and  divide  the  remainder  by 
the  rate  diminished  by  unity. 

Notes. — 1.  This  rule  is  expressed  in  the  following  formula:  <S= ;-' 

T — 1 

2.  In  a  descending  series,  we  subtract  the  product  of  the  last  term  and 

the  rate  from  the  first  term,  and  divide  the  remainder  by  1  minus  the  rate. 

8.  If  the  number  of  terms  is  given,  we  first  find  the  last  term  by  Case  I. 

EXAMPIiES    FOH    FHACTTCE. 

Find  the  sum 

2.  Of  2,  6,  18,  54,  etc.,  to  10  terms.  Ans,  50048. 

3.  Of  3,  6,  12,  24,  etc.,  to  12  terms.  Ans.  12285. 

4.  Of  18732,  26244,  etc.,  to  10  terms.  Ans.  118096. 
6.  Of  3,  6,  4^,  etc.,  to  11  terms.  Ans.  30^^^^. 

6.  Of  |,  i,  i,  |,  etc.,  to  9  terms.  Ans.  2^^^. 

7.  Of  1— i+i— i+iV»  e^c.,  to  10  terms.  Ans.  |fj. 

8.  S'V>pose  a  person  to  begin  trading  on  a  capital  of 
$2000,  %nd  to  increase  his  capital  by  \  of  itself  each  year 
for  12  rears,  what  would  be  the  final  amount  of  his  capital? 

Ans.  $13t,519.16. 

9.  If  a  lady,  married  on  the  1st  of  January,  received  $1 
from  ler  father,  with  a  promise  of  $5  on  the  Ist  of  Febru- 
ary) t'^^  on  the  1st  of  March,  and  continuing  at  the  same 
rate  for  a  year,  what  was  her  dowry?     Ans.  $61,035,156. 

10.  If  10  stones  are  laid  in  a  line,  the  first  being  4  feet 
from  i  heap,  the  second  12  feet,  the  third  36  feet,  and.  so  on 
in  a  rjeometrical  series,  how  far  will  a  boy  walk  who  picks 
them  up  and  puts  them  on  the  heap  one  by  one,  if  he  starts 
from  the  heap  in  the  first  place  ?  Ans.  236192  ft. 

11.  A  man,  inquiring  the  price  of  a  horse,  and  being  told 
it  was  $350,  said  it  was  too  much,  whereupon  the  owner 
?aid,  "The  horse  has  24  nails  in  his  shoes;  if  you  will  give 
me  1  mill  for  the  first  nail,  2  mills  for  the  second,  and  so  on, 
doubling  the  price  at  every  nail,  you  shall  have  him,  on 
condition  that  if  you  are  dissatisfied  with  your  bargain,  yon 
shall  pay  my  first  price."  The  purchaser  consented;  which 
bargain  was  he  likely  to  agree  to  finally,  and  how  much 
would  be  pay  by  the  last  coudvWo\i*l        Au\&»%\^,\WAi5. 
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CASK  vn. 

S6!3«  Given,  the  sum  of  the  terms  atid  any  two  of 
these  three,  the  first  term,  the  last  term,  or  tiie  ratef 
to  find  the  remaining  one, 

863*  From  the  formula  for  the  sum  we  readilj  obtain 
the  three  following  formulas,  which  the  pupils  will  derive 
and  state  in  the  form  of  rules : 

SZAMFIiSS   FOR    FRACTZCS. 

1.  Giveu,  the  first  term  12,  the  last  term  26244,  and  sum 
of  the  series  39360,  to  find  the  rate.  Ans.  3. 

2.  Given,  the  first  term  ^,  the  last  term  -^^^j  and  sum 

of  series  If^gT'  *^  ^"^  ^^®  ^*^®*  -^'**-  h 

3.  Given,  the  rate  5,  the  first  term  8,  and  the  sum  of  the 

series  156348,  to  find  the  last  term.  Ans,  125000. 

4.  The  rate  is  ^,  the  first  term  200,  and  the  sum  of  the 
series  266fff ;  what  is  the  last  term?  Ans,  ^^. 

5.  The  last  term  is  196608,  the  rate  8,  and  the  sum  of  the 
series  224694  ;  what  is  the  first  term  ?  Ans,  6. 

6.  The  last  term  is  136^,  the  rate  f,  and  the  sum  of  the 
series  3685ff ;  what  is  the  first  term  ?  Ans,  1024. 

804*  Since  there  are  five  quantities  in  Geometrical  Pro- 
gression, any  three  of  which  being  given,  the  other  two 
may  be  found,  there  are  twenty  distinct  cases. 

805*  The  rules  for  the  eight  simple  cases  are  expressed 
in  the  following  formulas : 


1.  i^aV'-K 

log  r 


1. 5=^*-'* 


2.  1  = 


8{r-\)+a 
r 


3.  a=lr—S{r—i). 
_8-a 


Note. — For  the  formulas  by  which  every  one  of  tli&  V««o5c^  '^«•a6^s^8^ 
cases  may  be  solved,  see  ElenieiUary  Algebra. 
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INFINITE   SERIES. 

866*  An  Infinite  Series  is  a  series  in  which  the  nuni* 
her  of  terms  is  infinite. 

807*  In  a  descending  series  of  an  infinite  number  of 
terms,  the  last  term  becomes  so  small  that  it  is  considered 

£ero ;  the  formula,  S=— becomes  S=- ;  hence  we 

'  1  — r  1— r 

have  the  following 

Rule. —  To  find  the  sum  of  an  infinite  series^  divide  the 
first  term  by  unity  diminished  by  the  rate, 

1.  What  is  the  sum  of  the  infinite  series  2+-|+-J+^, 
etc.  ? 

Solution.— In  this  series,  the  first  term  is  op£BATion. 

2,  and  the  rate  ^,  ami  the  last  term  may  be  2 

regarded  as  zero,  hence  the  series  equals  2  Sum  •=  - — -=  S,  An* 
divided  by  1 — J,  or  2-i-S,  which  equals  3.  ^    » 

KXAMFLES    FOR    FHACTICS. 

Find  the  sum  of  the  following  infinite  series : 

2.  Of  1,  i,  \,  I,  etc.  Ans.  2. 

3.  Of  I,  I,  ^^,  T^,  etc.  Ans.  2. 

4.  Of  1,  i,  ^,  ^,  etc.  Ans.  1|. 
«•  Of  I  i^,  r^%  etc.                                             Ans.  1^. 

6.  Of  .45 =.45 45  etc.=^^+y^^^P^,  etc.  Ans.  ^. 

7.  Of  .216  and  .4158.  Ans.  ^;  ^. 

8.  Of  .35i35  and  .9285714.  Aiis.  ^;  |f. 
^-  l-i+i-i+rB-»  etc.  Ans.  I 

10.  If  a  body  should  move  ^  a  mile  the  1st  second,  ^  of  a 
mile  the  2d  second,  and  so  on  until  it  stops,  how  far  would 
it  move  ?  Ans.  1  mile. 

11.  A  ball  dropped  from  the  ceiling  of  a  room  12  ft.  high, 
bounds  back  6  ft.,  then  falling,  bounds  back  3  ft.,  and  so  on ; 
how  far  will  it  move  before  coming  to  rest  ?       Ans.  36  ft. 

12.  A  fox  and  hound,  16  rods  apart,  run  so  that  when  the 
hound  has  run  the  16  rods,  the  fox  has  run  4  rods,  and  when 
the  hound  has  run  these  4  rods,  the  fox  has  run  1  lod,  etc.; 
how  far  will  the  hound  run  to  catch  the  fox  ? 

Ans.  21^  rods. 


\ 
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SECTION    XII. 

HIGHER  PERCENTAGE. 

COMPOUND  INTEEEST. 

868.  Compound  Interest  is  interest  on  both  principal 
and  interest,  when  the  interest  is  not  paid  when  due. 

Compound  interest  assumes  that  if  the  borrower  does  not  pay  the  in- 
terest when  due,  it  is  proper  that  he  should  pay  interest  for  it  until  paid 
Some  regard  it  as  just,  but  it  has  not  the  sanction  of  law. 

869.  Compound  Interest,  like  Simple  Interest,  maj 
be  treated  under  four  cases. 

CASE   I. 

870*  Given,  the  principal,  the  rate,  and  the  time, 
to  find  the  compound  interest  or  amount. 

I.  What  is  the  compound  interest  of  $500  for  3  years,  a) 

5%? 

Solution.— Multiolyin^  by  the 
rate  per  cent.,  we  find  the  interest 
for  1  year  to  be  $25 ;  adding  this 
to  the  principal,  we  find  the 
amount  to  be  $525,  which  is  the 
principal  for  the  second  year; 
multiplying  the  new  principal  by 
the  rate,  we  find  the  interest  for 
the  second  year  to  be  $26.25,  and 
adding  this  to  the  2d  principal, 
we  find  the  amount  for  the  2d 
year  to  be  $551.25;  and  so  pro- 
ceeding, we  find  the  amount  for 
3  years  to  be  $578.81,  from  which 
we  subtract  the  first  principal, 
and  the  remainder,  $78.81,  is  the 
compound  interest.    Hence  the 

^  ^"^^^^  $78  81    =  Com.  Int.  for  3  yr. 

Rule. — I.  Find  the  amount  of  the  principal  for  the  fir 9i 
period  of  the  time  for  which  interest  is  reckoned,  and  make 
this  the  principal  for  the  second  period, 

II.  Find  the  amount  of  this  principal  for  the  next  period , 
and  thus  continue  till  the  end  of  the  gweu  Ixitvc. 


OPERATION. 

$500 
.05 

25.00  : 

500 

=  Int  Ist  yr. 

525.00  = 
.05 

=Amt  1st  yr. 

26.25  = 
525 

=  Int.  2d  yr. 

551.25  = 
.05 

=  Amt.  2d  year. 

27.5625  = 
551.25 

=  Int.  3d  yr. 

578.81    = 
500 

=  Amt  3d  yr. 

412  NORMAL     HiaHER     ARITUMKTIC. 

HI.  Subtract  the  given  principal  from  the  last  amount, 
and  the  result  will  be  the  compound  interest. 

Notes. — 1.  When  the  interest  is  due  semi-annually  or  quarterly,  we  find 
the  interest  for  such  time  and  proceed  as  above  directed. 

2.  When  the  time  is  for  years,  months,  and  days,  find  the  amount  for 
the  years,  then  compute  the  interest  on  this  for  the  months  and  days,  and 
add  to  the  last  amount  before  subtracting. 

?.  What  is  the  compouad  interest  of  $650  for  6  years  3 
months  ?  Ans.  $232.89. 

3.  What  is  the  compound  amount  of  $5340  for  4  jr.  3  mo. 
8  da.  at  7  %  ?  Ans.  $7 133.03. 

4.  What  is  the  compound  interest  of  $5000  at  10%  for  2 
years,  payable  quarterly?  Ans.  $1092.01. 

5.  What  is  the  amount  of  $8350  for  5  yr.  7  mo.  24  da.  at 
8%,  payable  semi-annually  ?  Ans.  $13008.69. 

6.  Find  the  compound  interest  of  $1800,  invested  at  7% 
for  3  years,  and  then  at  8%  for  2  years.  Ans.  $772. 

S71*  The  calculation  of  compound  interest  is  facilitated 
by  the  use  of  a  table,  for  which  see  Appendix. 

Rule. — Find  from  the  table  the  amount  for  the  given 
number  of  periods  at  the  given  rate^  and  multiply  this 
amount  by  the  principal.  If  there  is  any  remaining  time, 
find  the  amount  of  this  product  at  the  given  rate  for  the 
time ;  the  result  will  be  the  compound  amount^  from  which 
subtract  the  given  principal  for  the  compound  interest. 

Notes. — 1.  If  the  time  exceeds  the  limits  of  the  table,  calculate  the 
amount  for  a  convenient  length  of  time  by  the  table,  take  this  amount  as  a 
principal,  and  calculate  the  amount  for  the  remaining  time. 

2.  If  partial  payments  are  made  un  notes  bearing  compound  interest,  the 
amount  of  the  principal  must  first  be  found,  and  the  sum  of  the  amountfl 
of  the  indorsements  subtracted  from  it. 

!•  What  is  the  compound  interest  of  $7500  for  25  years, 
at  8%  ?  Ans.  $43,863.56. 

2.  What  is  the  compound  interest  of  $5760  for  15  yr.  4 
mo.  24  da.,  at  10%  ?  Ans.  $19,263.39. 

3.  What  is  the  amount  of  $664  for  30 yr.  at  6%,  payable 
semi-annually?  Jns.  $3911.77. 

4.  What  is  the  compound  interest  of  $100  for  40  years  at 
!$%,  interest  payable  quarterly?  Ans.  $2276.98. 
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5.  What  is  the  diflfereaee  between  the  simple  and  com- 
pound interest  of  $400  for  33  yr.  4  mo.  ?        Ana.  $1590.96. 

6«  What  sura  in  15  yr.  2  mo.  27  da.,  at  6  per  cent,  simple 
interest,  will  amount  to  the  same  as  $5000  for  the  same  rate 
and  time  at  compound  interest,  payable  semi-annually  ? 

Arts.  $6431.07. 

7«  A  gentleman  deposits  in  a  savings  bank,  at  the  birth  of 
his  son,  $1000  to  be  paid  him  when  he  comes  of  age,  interest 
at  6%  compounded  semi-annually;  what  will  the  deposit 
amount  to  at  the  time  it  is  due  ?  Arts.  $3460.70. 

8.  Mr.  Adams  left  $20,000  to  be  equally  divided  between 
his  son  and  daughter,  directing  that  the  daughter,  who  was 
Syr.  6  mo  18 da.  old,  should  receive  her  share  when  she  was 
18  years  old,  and  the  son,  who  was  10  yr.  3  mo.  15  da.  old, 
should  receive  his  when  he  was  21 ;  what  will  each  receive, 
if  the  money  is  invested  in  a  savings  bank  at  4  per  cent, 
compounded  semi-annually  ? 

Ans.  Son,  $15282.97  ;  daughter, $14539.55. 

9.  $700.  New  York,  May  19, 1876. 
Three  months  after  date^  I  promise  to  pay  James  Wilkins^ 

or  order,  Seven  Hundred  Dollars,  for  value  received,  with 
compound  interest  at  *l%.  •        Georqe  Booth. 

Indorsements:  Dec  15, 1876,  $100;  May  19, 1877, $300 ;  Sept.  30, 1877, 
$150. 

What  was  due  May  19,  1878  ?  Ans,  $213.47. 

CASE  II. 

S72»  Given f  the  compound  interest  or  atnount,  the 
f/une,  and  the  rate,  to  find  the  principal. 

1.  What  principal,  at  6  per  cent,  compound  interest,  will 

yield  $1007.26  in  7  years  ? 

Solution. — The  compound  interest  of  oPERATioif. 

f  La^-ToI  ^^^  **  ^^  "^  $0.50363-}  ,  and    $1007.26-J-.50363=$2000. 
$1007.26  IS  the  compound  interest  of  as 

many  dollars  as  $0.50363  is  contained  times  in  $1007.26,  which  is  $2000. 

Rule. — Divide  the  given  interest  or  amount  by  the  interest 
or  amount  o/  $1  for  the  given  rate  and  time,  to  find  the 
principal. 
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NoTB. — If  the  given  amount  is  due  at  some  future  time,  the  principal  is 
ItApreMnt  worth  at  compound  iuterest,  and  the  ditfereuce  between  tiiv 
amount  and  the  present  worth  is  the  campotmd  interett. 

tJ.  What  principal  will  yield  $31,086.78  interest  in  40  jr. 
at  8%?  Ans.  $1500. 

3.  What  principal  in  35  yr.  7  mo.  21  da.  at  6%,  will 
amount  to  $4098.95  ?  Ams.  $720. 

4.  What  principal  in  25  yr.  3  mo.  16  da.  at  7%,  payable 
semi-annually,  will  yield  $26,508.22  interest?     Ans.  $5640. 

5.  What  is  the  present  worth  of  $8445.69,  due  23  yr.  4  mo. 
12  da.  hence,  at  10%,  payable  quarterly?  Ayia.  $840. 

6.  What  is  the  difference  between  the  present  worth  at 
simple  and  compound  interest  of  $15,860.85,  due  in  15  yr.,  at 
8%?  Ana,  $2209.48. 

CASE  III. 
S73*  Given,  the  principal,  the  rate,  and  the  cati^ 
pound  interest  or  amount,  to  find  tlie  time. 

1.  In  what  time  will  $2560  at  5%,  amount  to  $5588.16  ? 
Solution.— Since  $5588. 1 6  is  the  operation. 

amount  of  $2660  at  5  %  in  a  certain  |5588.16  h-  2660  =«  $2.1828 

time,  the  amount  of  $1  in  the  same  hence  time  =  16  yr. 
time  will    be   ^Vtj    of   $6588.16, 

which  is  $2.182875,  which  we  find  in  the  table  under  5%,  corresponds 
to  16  years. 

Rule. — Divide  the  amount  by  the  given  principal,  and  the 

quotient  will  be  the  amount  o/  $1  for  the  required  time.  Find 

this  amount  in  the  table  under  the  given  rate  ;  the  number  of 

years  opposite  will  be  the  required  time. 

Note. — If  the  amount  obtained  by  division  cannot  be  exactly  found  in  the 
ta'ble,  the  number  next  less  than  that  amount  under  the  given  rate,  will 
correspond  to  the  years  or  periods.  Then  take  tlie  difference  between  the 
two  amounts,  and  also  the  difference  between  the  latter  amount  and  the  next 
larger  in  the  table ;  the  ratio  of  these  two  differences  will  be  the  fractional 
part  of  a  year  or  period,which  may  be  expressed  in  mouths  and  days. 

2.  In  what  time  will  $600  amount  to  $1 187.96  at  5%  com 
pound  interest  ?  ^ns.  14  years. 

8.  In  what  time  will  $4800  draw  $7351.52  compound  in- 
terest, at  7%,  pa/able  semi-annually?      Ans.  13  yr.  6  mo. 

4.  In  what  time  will  $3750  amount  to  $10,535.73,  at  10% 
compound  interest,  payable  quarterly  ? 

Ans.  10  yr.  5  mo.  15  da. 
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5.  In  what  time  will  any  sum  of  money  double  itself,  a«. 
compound  interest,  at  4,  5,  6,  1,  8,  or  10%? 

Ans.  17  yr.  8  mo.  Ida.;  14yr.  2rao.  13  da.;  11  yr.  lOmo. 
21  da.  ;  10  yr.  2  mo.  26  da. ;  9  yr.  2  da. ;  7  yr.  3  mo.  5  da. 

6.  A  gentlcmaa  deposited  $750  in  a  savrings  bank  for  the 
benefit  of  his  daughter  on  her  fifth  birthday,  arranging  that 
it  should  remain  at  a  semi-annual  interest  of  4%  until  it 
amounted  to  $2000.  How  old  is  the  daughter  when  she 
receives  her  money  ?  Ans,  17  yr.  6  mo.  1  da. 

CASE  IV. 
S74«  Given f  the  principalf  the  compound  interest 
or  atnount,  (ind  ttie  time,  to  find  the  rate. 

1.  At  what  rate  will  $600  amount  to  $1213.422  in  16  years  ? 
Solution. — If  $600  amount  to  operation. 

$1213.422  in  16  years  atthe  required  $1213.422  ^  600  =  $2.02237. 

rate,  $1  for  the  same  time  and  rate  ^hi^^  cor^ponds  to  4i%. 

will   amount  to  ^i^  of  $1213.422,  ^  ^^ 

which  is  $2.02237,  which  we  find  in  the  table  opposite  16  years  at  4}%. 

Rule. — Divide  the  amount  by  the  given  principal^  and  the 
quotient  will  be  the  amount  of  $1  for  the  given  time  at  the 
required  rate.  Find  this  amount  in  the  table  opposite  the 
given  time  :  the  rate  at  the  top  of  the  column  will  be  the  re- 
quired rate. 

Note. — If  the  given  time  contains  months  and  days,  or  more  than  an  ex- 
act number  of  periods,  find  in  the  table  opposite  the  given  number  of  years 
or  periods,  the  number  next  less  than  the  amount  found  by  division,  and 
upon  this  reckon  the  interest  for  the  remaining  time.  The  result  should 
correspond  with  the  amount  obtained  by  division,  if  the  rate  per  cent,  re- 
quired is  among  those  given  in  the  table. 

2.  At  what  rate  will  $1000  amount  to  $2518.17  in  12  yr.? 

Ans.  S%. 
8.  At  what  rate  will  $5640  amount  to  $17,815.72  in  17 
years  ?  Ans.  7%. 

4.  At  what  rate  will  $37,800  amount  to  $77,483.12  in  14  yr. 
6  mo.  12  da.,  interest  payable  semi-annually?       Ans.  5%. 

5.  At  what  rate  will  $5849.16  amount  to  $11,047,999  in 
5yr.  4  mo.  16  da.,  interest  payable  quarterly?      Ans.  12%. 

6.  At  what  rate  will  any  sum  double  itself  at  compound 
interest  in  10,  15,  20,  25,  or  30  years  ? 

Ans.  7  +  %;  H+%\  H'\'%\V^\%\'^\'^^^ 
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ANNUITIES. 

875*  An  Annuity  is  a  sum  of  monej  to  be  paid  anna- 
ally,  or  at  some  other  regular  interval  of  time. 

876.  An  Annuity  Certain  begins  and  ends  at  fixed 
times.     A  Perpetuity  \q  an  annuity  which  conliuues  for  ever. 

877.  A  Contingent  Annuity  begins  or  ends  with  some 
uncertain  event,  such  as  the  birth  or  death  of  one  or  more 
persons. 

878.  An  Immediate  Annuity  begins  immediately.  A 
Deferred  Annuity,  or  Annuity  in  Reversion,  begins  at  some 
future  time. 

879.  An  Annuity  in  Arrears,  or  Forborne,  is  one  on 

which  the  payments  were  not  made  when  due. 

880.  The  Final  Value  is  the  sum  of  the  amounts  of  all 
the  payments  on  interest  from  the  time  each  is  due  to  the 
end  of  the  annuity. 

881.  The  Present  Value  is  such  a  sum  as  put  at  inter- 
est for  the  given  time  and  rate,  will  amount  to  the  final  value. 

Notes. — 1.  An  annuity  is  a  periodical  income.  Such  incomes  may  be 
secured  by  the  payment  of  a  certain  sum  of  money,  and  may  be  obtained 
of  Tru»t  Compa?iie8.  It  is  a  popular  form  of  investment  in  the  NatioDal 
Debt  of  England. 

2.  The  advantage  of  such  an  investment  is  that  a  larger  rate  of  interest 
is  received,  since  the  capital  Invested  is  not  to  be  returned.  An  old  person 
may  receive  a  very  high  rate  on  such  an  Investment. 

ANNUITIES  AT   SIMPLE  INTEREST. 

CASE   I. 

SS2»  To  find  the  amount  or  final  value  of  an  an- 
nutty  at  simple  interest, 

1.  What  will  be  the  amount  or  final  value  of  an  annuity  of 
$500  in  6  years  at  4  per  cent.  ? 

SoLunoN.— If  left  unpaid  until  operation. 

the  end  of  6  years,  the  last  payment  i  ^  ^500  4.  $20  X  5= $600 

will  be  $500  without  interest;  tlie  Kf\f\  _i_  arvn 

5ih  payment  will  have  become  $500         ^_    5UU  +  bUO  ^  6  =  $3300 
plus  the  interest  for  one  year,  wliich  2 

is  $520 ;  the  4tli  payment  will  have 

become  $500  plus  the  interest  for  2  years,  or  $540  ;  in  the  same  way  we 
find  the  thirti  payment  is  $560,  the  second  payment,  $580,  and  the  first  pay- 
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nieiit,  $000;  the  sum  of  tliese  payments  will  be  the  final  Value,  or 
amount,  wliich  we  find  is  $3300.  These  sums  form  an  arithiuetical 
scries,  of  which  the  first  term  is  the  annuity,  or  $500,  the  common  differ- 
ence is  the  interest  for  one  year,  the  numberof  terms  is  the  time  in  years, 
and  the  sum  of  the  terms  is  the  final  value.     Hence  the  follo\ving 

Rule. —  Take  the  annuity  for  the  fir  it  term^  the  interest 

for  1  year  for  the  common  difference y  and  the  time  for  the 

number  of  terms,  and  find  the  last  term  and  then  the  sum  of 

the  terms ;  this  sum  will  be  the  final  value. 

Note. — When  the  payments  are  made  semi-annually,  quarterly,  etc.,  the 
number  of  such  periods  will  be  the  number  of  terms,  and  interest  for  such 
time  will  be  the  common  difference. 

2.  What  is  the  final  value  of  an  annuity  of  $1500  for  9  yr. 
at  6%?  Ans.  $16,740. 

3.  What  is  the  final  value  of  an  annuity  of  $600  for  12  yr., 
payable  semi-annually,  at  T%?  Ans.  $10,098. 

4.  Mrs.  Wright  has  an  annuity  of  $480,  payable  semi-annu- 
ally, but  owing  to  a  financial  crisis,  it  remains  unpaid  for  5 
yr.  7  mo. ;  what  should  she  receive  at  the  end  of  the  time, 
int.  8%  ?  Ans.  $3185.60. 

5.  Thomas  Chase  has  an  annuity  of  $900  for  7  yr.  9  mo., 
payable  quarterly;  if  he  puts  each  payment  on  interest  at 
7%,  what  will  be  the  final  amount  ?  Ans.  $8805.93|. 

6.  Mr.  Thompson  rented  a  house  for  $600  a  year,  payable 
quarterly  ;  if  he  does  not  pay  his  rent  for  5  yr.  3  mo.,  what 
will  be  the  amount  due,  at  6%?  Ans.  $3622.50. 

CASE  U. 

883.  To  find  the  present  value  of  an  annuity  at 
simple  inter  est  m 

1.  What  is  the  present  value  of  an  annuity  of  $300  for  5 
yr.  at  6%? 

Solution. — Since  the  present  worth  operation. 

of  an  annuity  is  the  present  worth  of  the        Final  value  =  $1680. 

final  value,  we  first  find  the  final  value        $lt)80  -s- 1.30  =  $1292.31 

by  Case  I.,  and  then  find  the  present 

worth  of  this  by  Art.  649,  Simple  Interest.  The  final  value  we  find  is 
$1680,  and  the  present  value  ot  $1680  is  $1292.31—.  Hence  we  have 
the  following 

Rule. — Find  the  final  value  of  the  annuity  by  Case  /.,  and 

then  find  the  present  worth  of  that  sum. 

21 
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2.  What  is  the  present  worth  of  an  annuity  of  $2000  for 
9  years  at  6%?  Ans.  $14,493.51. 

8.  What  is  the  present  value  of  an  annuity  of  $900  for  t 
yr.,  payable  semi-annually,  at  5%?  Ans,  $5425. 

4.  An  old  man  received  a  pension  of  $960  for  10  years, 
payable  (juarterly  ;  for  what  could  he  have  sold  it  when  it  be- 
gan, interest  6%?  Ans,  87755. 

5.  A  house  was  rented  for  $75  a  month  for  3  years  ;  what 

sum  would  pay  the  entire  rent  in  advance,  interest  being 

reckoned  at  6%?  Ans.  $2488.35. 

Note. — Since  the  amounts  form  an  arithmetical  series,  the  time,  rate,  and 
yearly  payment  may  be  found  by  the  dittereut  cases  under  Arithmetical 
Progression,  and  it  is  therefore  unnecessary  to  treat  them  separately  here. 

ANNUITIES  AT  COMPOUND  INTEREST. 
SS4.  Annuities  are  usually  reckoned  at  compound  inter- 
est instead  of  simple  interest. 

CASE   I. 

885.  To  find  the  final  value  of  an  annuity  certain 
at  compound  interest. 

1.  What  is  the  final  value  of  an  annuity  of  $500  for  3  yr, 

at6%? 

Solution. — At  6%,  $1  gives  an  operation. 

annual   income  of  ^0.06,  hence   to  $500 -^  0.06  =  $8333.33^ 

give  an  income  of  $500  it  will  re-  ^^,r.i\i/>  r,  t  i.     /.  *^ 

luire  as   many   times  $1  as  .06  is  ^^oil^^l^  ^^"^P-   ^^*-  ^^  ^^' 

contained  times  in  $500,  which  is  e^^^.^^d 

$8333.33i;  and  if  the  annuity  re-  $1591.80 
mains  unpaid  for  3  years  at  6%, 

the  amount  due  will  be  the  compound  interest  of  $8333.33^  for  3  years 

at  6%,  which  we  find  to  be  $1591.80.  Hence  the  following 

Rule. — Divide  the  annuity  by  the  rate^  and  find  the  com" 
pound  interest  of  the  quotient  for  the  given  time  and  rate. 

Note. — Use  the  table  in  Appendix  for  finding  the  compound  interest. 
This  case  could  be  solved  by  Geometrical  Progression,  but  much  work  ig 
saved  by  using  the  table  of  Compound  Interest. 

2.  What  is  the  final  value  of  an  annuity  of  $300  for  19  yr. 
at  1%?  ^ns.  $11,213,689. 

3.  What  is  the  amount  of  an  annuity  of  $700  for  7  yr.  at 
5%,  payable  semi-annually?  ^ns. $5781.63. 
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4.  What  is  the  amount  of  a  quarterly  salary  of  $150,  in 
arrears  for  6^yr.,  interest  compounded  at  2%  quarterly? 

Ans,  $5050.635. 

5.  What  is  the  amount  of  a  salary  of  $800  a  year  in  arrears 
for  20  years,  the  interest  being  compounded  biennially,  at 
5%?  Ans,  $26137.38. 

6.  Mr.  Jones  speuda  %bO  a  year  in  cigars;  what  would  this 
amount  to  from  his  2ist  to  his  61st  birthday,  at  6%  com- 
pound interest  ?  Ans,  $7138.098. 

7.  A  gentleman,  on  the  day  his  son  was  10  years  old,  de- 
posited $25  in  the  savings  bank  in  his  name,  and  did  the 
same  every  year  ;  what  was  the  amount  when  the  son  was 
of  age,  at  7%  compound  interest?  Ans.  $447.21. 

CASE   U. 

SS6*  To  find  the  present  value  of  an  annuity  cer* 
tain  at  compound  interest. 

1.  Find  the  present  value  of  an  annuity  of  $500  for  3  yr. 

at  6%. 

Solution. — ^The  final  value  operation. 

of  this  annuity,  m    found  by         pi^al  value  =$1591.80 
Case  I.,  18  $1591.80;  and    the        $1591.80  -=- $1.191016=  $1336.51—. 
present  worth  of  this  sura  is 

the  present  worth  required.  The  compound  amount  of  $1  for  the  given 
rate  and  time,  as  given  in  the  table,  is  $1.191016;  and  the  present  worth 
of  this  amount  is  $1 ;  therefore  the  present  worth  of  $1591.80  is  as  many 
times  $1  as  $1.191016  is  contained  times  in  $1591.80,  which  is  $1336.51. 
Hence  the  following 

Rule. — Find  (he  final  value  as  in  the  preceding  case,  and 

divide  this  sum  by  the  amount  of  $1  at  compound  interest 

for  the  given  rate  and  time. 

Note. —Much  labor  can  often  be  saved  by  the  use  of  a  table,  ^ving  the 
present  value  of  an  annuity  of  $1,  which  will  be  found  in  tlie  Appendix, 
though  the  examples  can  be  solved  by  the  table  of  compound  interest. 

?.  What  is  the  present  value  of  an  annuity  of  $700  for  10 
years,  int.  7%?  Ans.  $4916.507. 

3.  What  is  the  present  worth  of  an  annuity  of  $75  a  quar- 
ter, in  arrears  for  25  years,  int.  10%?        Ans.  S2746.057. 

4.  A  lady  purchased  an  annuity  of  $700  a  year  for  10  ^^^x%^ 
at  6%  ;  what  sum  was  deposltedf  AuvV^^-^'^*^^- 
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6«  A  capitalist  sold  an  annuity  of  $560,  payable  quarterly 
and  running.  15  yr.  3  mo.,  for  $4000;  does  he  gain  or  lose, 
and  how  much,  money  being  worth  10%,  payable  semi-an- 
Qually?  Ans.  Loses  $436.76. 

6.  A  young  man  buys  a  farm  for  $5000,  which  he  agrees 
to  pay  in  12  years  by  annual  installments;  the  owner  being 
pressed  for  money  offers  to  take  $4000  down ;  which  is  bet- 
ter for  the  purchaser,  at  Q%  ?  Ans,  1st,  $506.73. 

CASE  III. 
S87«   To  find  the  present  value  of  a  perpetuity* 

1.  What  is  the  present  value  of  a  perpetual  lease  of  $500 

a  year,  at  5%  ? 

Solution. — The  interest  on  $1  at  the  given  rate,  is  operation. 

$0.05,  and  to  produce  an  interest  of  $500,  it  will  re-  .05)500  00 

quire  as  many  times  $1  as  $0.05  is  contained  times  in  *  ' 

$500,  which  IS  $10,000.    Hence  the  $10,000 

Rule. — Divide  the  given  annuity  by  the  interest  o/  $1  for 
the  given  interval ;  the  quotient  will  be  the  present  value. 

2«  What  is  the  present  worth  of  a  perpetuity  of  $900  a 
year  at  6%  ?  Ans,  $15,000. 

8.  What  is  the  value  of  a  ground-rent  of  $750  annually, 
at  6%?  Ans.  $12,500." 

4-.  What  is  the  present  worth  of  a  perpetuity  of  $8000  a 
year,  payable  semi-annually,  at  8%  ?  Ans.  $100,000. 

5.  What  is  the  present  value  of  a  perpetual  leasehold  of 
$1200  a  year,  payable  semi-annually,  interest  at  6%,  pay- 
able annually  ?  Ans,  $20,300. 

Remark. — Find  the  annual  payment  by  allowing  interest  on  the  first 
Bemi-annual  payment. 

CASE   IV. 
SS8.  To  find  ttie  present  value  of  a  deferred  anmiity* 

1*  What  is  the  present  value  of  an  annuity  of  $1000,  lo 
commence  in  10  years,  and  run  20  years,  at  6%  ? 

Solution. — From  the  table 
we  find  the  value  of  the  annu-  operation. 

itj  at  its  commencement  to  be  $1 1469.921 =Pre8.  val.  for  20  yr. 

$11469.921;    we  then    divide  $11469.921-^1.790847=$6404746. 
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this  amount  by  $1.7908477.  the  compound  amount  of  $1  for  10  years  at 
6%,  which  gives  us  tlie  present  worth  of  $11469.921,  which  is  $6404.746, 
which  is  the  present  value  of  the  deferred  annuity.  Hence  we  have  the 
following 

Rule. — Find  the  value  of  the  annuity  at  the  time  it  com- 
menceSj  and  then  find  the  present  worth  of  that  value  for 
the  time  it  is  deferred. 

Notes. — 1.  This  rule  applies  also  to  perpetuities. 

2.  This  case  may  be  solved  by  finding  the  present  worth  of  the  annuity 
for  the  time  it  is  deferred,  and  also  from  the  present  time  until  it  termin- 
ates ;  the  difference  of  these  two  amounts  will  be  the  present  value  re- 
quired. Many  problems  can  be  more  easily  solved  in  this  manner,  but  the 
rule  given  above  is  more  general. 

2.  Find  the  reversion  of  an  annuity  of  $750,  to  begin  in 
7  years  and  continue  10  years,  int.  at  7%.  Ans,  $3280.45. 

3«  What  is  the  value  of  a  perpetuity  of  $600,  to  commence 
in  5  years,  at  8%  ?  Ans.  $5104.37. 

4.  What  must  be  paid  for  the  reversion  of  a  lease  of  $600 
a  year,  payable  quarterly,  commencing  6  years  hence  and 
continuing  18  years,  int.  10%,  payable  annually? 

Ans.  $2881.85. 

5«  A  gentleman  leaves  his  widow  an  estate  of  $800  a  year 
for  15  years,  the  reversion  of  it  for  20  years  to  his  daughter, 
and  the  final  possession  of  it  forever  to  his  son.  If  they 
wish  to  sell  the  estate,  what  would  be  the  value  of  each 
one's  share,  int.  at  6%  ? 

Ans.  $7769.799;  $3828.797;  $1734.736. 

6.  What  is  the  present  worth  of  the  reversion  of  a  per 
petuity  of  $750  a  year,  deferred  for  100  years,  interest  at 
6%?  ^ns.  $36.84. 

CASE  V. 

889.  Given,  the  rate,  ttie  time,  and  the  present  at 
final  value  of  an  annuity,  to  find  the  payment* 

1.  The  present  value  of  an  annuity  for  9  years  is  $7500, 

and  interest  6%  ;  what  is  the  payment? 

Solution.— The  present  value  operation. 

2L^°.^"SL"o^.^/nl^  ^^''  ?  It^"^  *^        $7500-^6.801692  =  $1102.666. 
6%,  IS  $6.801692;  and  the  re- 
quired annuity  will  be  as  many 

times  $1,  as  $6.891692  is  contamed  l\m«aVa%l^)S^,^Vv^\&^V^^'^^'^'^ 
Henoe  the  following 
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Rule. — Divide  the  given  present  or  final  value  by  iht 
present  or  final  value  of  $1  for  the  given  rate  and  time, 
and  the  quotient  will  he  the  j^O'yf^^^^it, 

2.  If  I  pay  $8141.03  for  an  annuity  running  15  years, 
what  is  the  annual  payment,  int.  6%  ?  Ans.  $900. 

3.  An  annuity  which  is  in  arrears  11  years,  amounts  to 
$7906.61  ;  what  is  the  payment,  interest  8%  ?  Ans,  $475. 

4.  A  gentleman  wishing  to  borrow  money,  offers  as  securiiy 
an  annuity  deferred  5  years,  running  8  years;  it  is  valued  ai 
$1490  11 ;  wliat  is  the  payment,  interest  7%  ?   Ans.  $350. 

5.  A  pension,  payable  quarterly,  but  in  arrears  for  §  yr.  G 
mo.,  amounts  to  $2719.72;  what  is  the  payment,  interest 
reckoned  at  8%  payable  annually?  Ans.  $100. 

CASE  VI. 

S90*  Given,  the  present  value,  the  rate,  and  the 
payment,  to  find  the  time. 

1.  An  annuity  of  $400  was  bought  for  $2944.03  at  6%  ; 
how  long  did  it  run  ? 

Solution. — We  first  divide  the  operation. 

present  value,  $2944.08,  by  the  pay-         $2944.03-f^400  =-  7.36004-. 
ment  to  find   the  present  vahie  of  time-^lOvr 

ananniiityof$l,whichis$7.36U0+.  ^  ^ 

Looking  in  the  table  under  6%,  we  find  this  amount  opposite  10  years; 
therefore  10  years  is  the  required  time.     Hence  the  following 

Rule. — Divide  the  present  value  by  the  pay  ment  ^  to  find 

the  present  value  of  an  annuity  of  $1  for  the  given  rale  and 

required  time ;  the  time  corresponding  to  this  quantity  in 

the  table  will  be  the  time  required. 

Notes. — When  the  amowit  is  given  instead  of  the  present  value,  divide 
the  payment  by  the  rate,  which  pves  the  sum  of  which  the  annuity  is  the 
interest ;  divide  the  amount  by  this  quotient,  and  we  have  the  compound 
interest  of  $1,  and  adding  SI,  we  have  the  compound  amount  of  $1,  from 
which  we  can  find  the  time  by  the  table  of  compound  interest. 

2.  This  case  is  useful  in  finding  the  time  required  to  extinguish  a  debt 
by  a  sinking  f\ind^  that  is,  by  installments  at  regular  intervals. 

3.  If  the  number  obtained  by  division  is  not  in  the  table,  take  the  num- 
ber of  years  corresponding  to  the  next  one  below  it,  and  find  the  balance 
remaining  by  taking  the  difl*erence  between  the  compound  amount  of  the 
present  value  and  the  final  value  of  the  payment  for  the  number  of  yean 
found  by  the  ta.ble. 

•?.  How  many  years  has  an  annuity  of  $375  to  run,  if  it 
can  be  bought  for  $263^.^5,  mt.  \%\  A-u*.  \<^  ^^^ra. 
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8.  la  how  maay  years  can  a  debt  of  $10,000  be  discharged 
by  installments  of  $850  a  year,  interest  being  reckoned  at 
6%  ?  Ans.  21  yr.;  $1.82  unpaid. 

4.  In  how  many  years  can  a  debt  of  $3,000,000,000  be 
discharged  by  a  sinking  fund  of  $300,000,000,  interest  being 
1%?  Ans.  17 yr.;  $224,380,457.15  unpaid. 

0.  If  an  annuity  of  $5000  has  been  left  unpaid  till  it 
amounts  to  $2,032,642.82,  at  7%,  how  long  has  it  beeu 
running  ?  Ans.  50  years. 

6.  If  an  annuity  of  $9500  has  been  left  unpaid  till  it 
amounts  to  $2,574,730.85,  how  long  since  it  commenced, 
interest  10%  ?  Ans.  35  years. 

7.  On  December  1,  1874,  the  national  debt  amounted  tu 
about  $2,138,940*000;  how  many  years  would  it  require  to 
discharge  it  by  a  sinking  fund  of  $120,000,000,  interest  5%  ? 

Ans.  45  years;  $54,373,863.73  unpaid. 

CASE  vn. 

S91*  O^lveUf  the  present  value,  the  payment,  and  ttie 
titne,  to  find  the  rate. 

1.  If  an  annuity  of  $450  for  15  years  costs  $3851.765, 
what  is  the  rate  ? 

Solution. — 1  f  we  divide  $3851.765  operation. 

by  $450,  we  have  the  present  value  of        $3851.765-i-450=$S.f^9479. 
an  annuity  of  $1  for  the  given  time  rate=8%. 

and  required  rate,  which  is  $8.559479 ; 

and  looking  in  the  table  opposite  15  years,  we  find  this  number  undet 
8%,  which  is  tlierefore  the  required  rate.     Hence  the  following 

Rule. — Divide  the  present  value  by  the  payment,  to  find 
the  value  of  an  annuity  of  %\  for  the  given  time  and 
required  rate ;  the  rate  corresponding  to  this  quantity  in 
the  table  will  be  the  rate  required. 

2.  The  present  value  of  an  annuity  of  $600  for  17  years 
is  $5857.93;  what  is  the  rate  of  interest?  Ans.  7%. 

3.  An  annuity  of  $750  for  20  years  can  be  bought  for 
$7363.61 ;  what  is  the  rate  of  interest?  Ans,  8%. 

4.  A  lady  pays  $15,000  for  an  annuity  of  $1000  Co^  ^^ 
years;  what  is  the  rate  of  inteTeat^  Aus,  X\ic>>ix\.^*^o. 
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CONTINQENT  ANNUITIES. 

893.  Contingent  Annuities  include  Life  Aunuities, 
Dowers,  Pensions,  etc.  The  value  of  these  depends  upon 
the  probability  of  life, 

893.  The  Probability  of  Life  is  the  probability  that  a 
person  at  any  particular  age  will  live  a  given  number  of 
years. 

894.  A  Table  of  Life  Annuities  shows  the  sum  to  be 

paid  at  different  ages  to  secure  a  life-annuity  of  $1  during 
the  remainder  of  the  life  of  the  annuitant.  See  Appendix. 

CASE  I. 

895.  To  find  the  present  value  of  a  life-annuity,  or 
{lower, 

1.  What  must  be  paid  for  an  annuity  of  $500,  by  a  person 
aged  62,  at  6%  ? 

Solution. — We  find  in  the  table  that  a  operation. 

pei-son  aged  52  must  pay  at  6%,  |10.208        $10,208x500  =  $5104. 
for  an  annuity  of  $1 ;   and  for  an  annuity 
of  $500  he  must  therefore  pay  500  times 
$10,208,  or  $5104.    Hence  the  following 

Rule. — Find  in  the  table  the  present  value  of  an  annuity 
o/  $1  at  the  given  age  and  rate^  and  multiply  this  by  the 

given  annuity. 

Note.— To  find  the  present  value  of  a  life-estate  or  Widow's  Dower 
(which  U  a  life-estate  In  one-third  of  her  husband's  real  estate),  we 
calculate  the  yearly  interest,  at  an  agreed  rate,  of  the  value  of  the  prop- 
erty, and  find  the  present  value  of  this  interest  in  the  same  manner  as 
that  of  a  life-annuity. 

2.  Mr.  Williams,  who  is  54  years  old,  wishes  to  buy  an 
annuity  of  $850;  what  will  it  cost  at  6%  ?  Ans.  $8296.85. 

3.  James  Stevens,  being  pressed  by  his  creditors,  makes 
over  to  them  a  life  annuity  of  $1000 ;  what  should  it  be 
considered  worth,  if  he  is  46  years  old,  and  it  is  paid  at  the 
rate  of  5%  ?  Ans.  $12,648. 

4.  William  Turner  has  a  life  estate  of  $10,500;  what  is 
the  property  on  which  it  is  paid,  and  what  is  its  present 
yalue,  his  age  being  40  years  and  the  rate  of  interest  *l%  f 

Ans,  Property,  $160,000 ;  present  value,  $113,8*72.50. 
••  A  gentleman  dies,  leaving  real  estate  to  the  amount  of 
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$90,000;  what  is  bis  widow's  dower,  and  what  is  its  present 
value,  her  age  being  66  years,  interest  at  5%  ? 

>4ns.  Dower,  $1500 ;  present  value,  $11,647.50. 

CASE  n. 
896.  To  find  hotv  large  an  annuity  can  he  purcJiased 
for  a  given  stnn. 

1.  How  large  an  annuity  can  be  purchased  for  $2000  by  a 
person  aged  38,  interest  6%  ? 

Solution. — We  find  from  the  table  that  an  operation. 

"""""JiX  SoP?*"  the  given  age  and  rate  would  $2000-^12.239=$163.41 
cost  $12,239;  hence  he  could  obtain  for  $2000  ^ 
an  annuity  of  as  many  dollars  as  $12,239  is  contained   times  in  $2000, 
which  is  $163.41.    Hence  the  following 

Rule. — Find  from  the  table  the  present  value  of  an  annuity 
of  $l/or  the  given  age  and  rate^  and  divide  the  given  amount 
by  it. 

2.  How  large  an  annuity  can  be  purchased  for  $860  by  a 
person  aged  54,  at  4%  ?  Ans,  $18.11. 

3.  The  present  value  of  a  widow's  dower  is  estimated  al 
$15,000 ;  her  age  is  59  years,  and  the  interest  6%  ;  what  is 
her  dower,  and  what  the  value  of  her  husband's  estate  ? 

Ans.  Dower,  $1758.71  a  year;  estate,  $87,935.25. 

4.  John  Gibbons  sells  a  life-estate  for  $6500,  he  being  48 
years  old ;  what  is  the  life-estate,  and  what  the  value  of  the 
property,  interest  7  %  ? 

Ans.  Life-estate,  $646,637  a  year;  estate,  $9237.67. 

CASE  III. 
SQ7.   To  find  the  present  value  of  the  reversion  of  a 
given  annuity, 

1.  Find  the  present  value  of  the  reversion  of  an  annuity 
of  $400  a  year  for  50  years,  after  the  death  of  a  person  aged 
35  years,  at  6%. 

Solution. — The  present  value  of  an  annuity  of  $1  operation. 

for  50  years  at  6  % ,  as  found  by  the  table,  is  $15.761861 ;  $15.761861 

and  the  present  value  of  an  annuity  on  the  life  of  a  12*573 

person  35  vears  old  at  6%,  is  $12,573;  hence  the  dif-  ' 

ference  of  these  two  numbers,  which  is  $3.1 88861,  will  3-  ^^^^^ 

be  what  remains  of  an  annuity  of  $1  after  the  death  of  z2? 

the  possessor.  Multiplying  $3.188861  by  400,  ^^  Yvv?^  ^^^5AWk 
the  reveraioD  of  an  annuity  of  $400,  v\\ic\\  is  ^I'll^,^. 
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Role* — Find  the  present  value  of  an  annuity  of  $1  for 

the  whole  time^  and  then  find  its  value  during  the  given  life; 

the  difference  of  theae  two  suins^  multiplied  by  the  given 

annuity,  will  be  the  present  value  of  the  reversion. 

Note. — The  present  value  of  the  reversion  of  a  life-estate  or  dower  is 
most  easily  found  by  deducting  the  present  value  of  the  life-estate  or  dowei 
from  the  value  of  the  property. 

2.  Find  the  present  value  of  the  reversion  of  an  annuity 
of  $760  for  50  years  at  5%,  after  the  death  of  a  person 
aged  62  years.  Ans.  $7326. 6'9. 

3.  What  is  the  present  value  of  the  reversion  of  a  per- 
petuity of  $1000,  after  the  death  of  a  person  aged  56  years, 
interest  7%  ?  Ans.  $5690.71. 

4.  Henry  Morris  inherits  an  estate  of  $50,000  from  his 
uncle,  but  it  is  burdened  with  the  dower  of  the  widow,  45 
years  old  ;  what  is  the  present  value  of  his  estate,  including 
the  reversion  of  the  dower,  int.  6%  ?  Ans.  $38,572. 

0.  Samuel  Ellis  is  heir  to  an  entailed  estate  of  $75,000, 
after  the  death  of  his  father,  aged  75  years ;  what  is  the 
present  value  of  his  reversion,  at  4%  ?     Ans.  $59,282.97. 

CASE  IV. 

89S«  Oiven,  the  annuity,  its  present  value,  and,  the 
rate,  to  find  the  age  of  the  annuitant. 

1.  A,  receiving  a  legacy  of  $6378.60,  buys  an  annuity  of 
$600  at  6%  ;  what  was  his  age? 

Solution. —  If  $6378.60  is  the  present  operation. 

value  of  an  annuity  of  $600,  the  present    $6378.60h-600=$10.631 
value  of  an  annuity  of  $1  will  be  ^J^  of  *time=50vr 

16378.60,  which  is  $10,361;  looking  in  the    ^  ^  ' 

table  under  6%,  we  find  this  number  opposite  50  years;  hence  A's  age 
was  50  years.     Hence  tlie  following 

Rule. — Divide  the  present  value  of  the  annuity  by  the  an- 
nuity ^  find  this  amount  in  the  table  under  the  given  rate^ 
and  the  corresponding  time  will  be  the  required  age. 

2.  It  costs  me  $6847.50  to  buy  an  annuity  of  $500,  at  5%  ; 
what  is  my  age?  Ans.  38  years. 

8.  A  lady  having  quarreled  with  her  relatives,  in  order 
to  prevent  thorn  from  inheriting  her  property,  spent  the  whole 
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•mount,  which  was  $47,600,  in  buying  an  annuity  of  $10,000, 
at  6%  ;  what  was  her  age  ?  Ans.  75  years. 

CASE  V. 

899.  Given,  the  annuity ,  its  present  value,  and  the 
age  of  the  annuitant,  to  find  the  rate. 

1.  A  gentleman  50  years  old  bought  an  annuity  of  $750 
for  $9651.765  ;  what  was  the  rate  per  cent.  ? 

Solution. — If  $9651.765  is  the  operation. 

present  value  of  an  annuity  of  $750,         $9651.765-=-750  =  $12.86902 
the  present  value  of  an  annuity  of  llfltp=4  ^ 

%\   is   j\js  of  $9651.765,  which  is  y.^     -*  70 

$12.86902 ;  looking  in  the  table  opposite  50  years,  we  find  thLs  amount 
under  A%  ;  hence  the  rate  was  4%.     Hence  the 

Rule. — Divide  the  present  value  of  the  annuity  by  the 
annuity  J  ,find  this  amount  in  the  table  opposite  the  given 
time,  and  the  corresponding  rate  toill  be  the  rate  required, 

2.  A  lady  45  years  of  age  buys  an  annuity  of  $400  for 
$4158.80  ;  what  is  the  rate  ?  Ans.  7%. 

3.  Mr.  Wiggins  wishes  to  purchase  an  annuity  of  $850 ; 
it  costs  him  $7213.95,  his  age  being  62  years ;  what  is  the 
rate  per  cent.?  Ans.  5%. 

Note. — For  a  further  discussion  of  the  theory  of  annuities,  and  general 
formulas  for  working  them,  see  Manual. 

INSURANCE. 

900.  Insurance  is  a  contract  of  indemnity  for  loss  or 
damage  within  a  given  time.  It  is  of  two  kinds :  Property 
Insurance  and  Personal  Insurance. 

901.  Property  Insurance  is  security  against  loss  b} 

fire  or  transpoi'tation.     Insuring  anything  is  called  *•  taking 
a  risk." 

903.  Property  Insurance  includes  Fire  Insurance, 
Marine  Insurance,  Transit  Insurance,  and  Stock  Insurance. 

Transit  Insurance  is  security  against  loss  by  transportation  by  land, 
or  by  both  land  and  water ;  Stock  Insurance  is  indemnity  for  loss  of 
cattle,  etc. 

903.  Personal   Insurance  includes  Life  Insurance, 

Accident  Insurance,  and  Health  Insurance. 

Accident  FnsuranceiB  indemnity  for  casualties  to  travellftv^^sA  ^Ax'st^x 
Hefdth  Intnirarux  secures  a  weekly  aUoYrance  m  ca£>^  oi  ^\0&\!i^»&« 
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904.  The  Insurer,  or  Underwriter,  is  the  party  oi 

company  taking  the  risk.     The  Insured^  or  Assured,  is  the 
party  protected. 

905.  The  Policy  is  the  written  a^eement  or  contract 
between  the  insurers  and  the  insured. 

906*  The  Premium  is  the  sum  charged  for  insurance ; 
it  is  a  certain  rate  per  cent,  of  the  amount  insured. 

FIRE  AND  MARINE  INSURANCE. 

907.  Fire  Insurance  is  security  against  loss  by  fire ; 
Marine  Insurance  is  security  against  loss  by  navigation. 

908.  The  Sum  Covered  by  insurance  is  the  amount 
insured  on  a  property. 

909.  The  Base  is  the  amount  insured  on  a  property. 
The  Rate  varies  with  the  risk. 

The  Rate  of  insurance  is  quoted  as  so  many  cents  on  the  $100,  or  a8 
80  much  per  cent.  Policies  are  renewed  annually  or  at  stated  periods, 
and  the  premium  is  paid  in  advance.  Risks  are  usually  rtUed  per 
annum.  The  rate  for  more  than  1  yr.  is  determined  by  the  following 
table: 

The  rate  for  2yr.  is  IJ  times  the  annual  rate. 

«  ((  «  o  «  an  (I  «  «  « 

u  u  u  A  u  u  91  u  U  II  u 

u  u  u  e  «  no  ((  it  II  u 

<<  It  u  n  u  ii  Ai  ii  II  ti  it 

Insurance  is  generally  done  by  stock  companies.  When  an  individual 
takes  a  risk,  it  is  called  an  "  out-door''  business.  A  Mutual  Inturanot 
Company  is  one  in  which  the  profits  and  losses  are  shared  by  thodC 
who  are  insured. 

To  prevent  fraud,  companies  will  seldom  insure  the  full  value  of 
property.  In  cases  of  loss,  the  underwriters  may  either  replace  the 
property  insured,  or  pay  its  value.  Only  the  amount  of  actual  loss 
can  be  recovered;  aud  often  claims  are  adjusted  for  a  part  of  the 
amount  insured. 

Before  issuing  a  policy,  the  company  has  the  propertv  carefully  sur- 
veyed and  described  with  respect  to  the  dangers  to  which  it  is  exposed ; 
and  any  deception  in  tliis  respect,  or  subsequent  change  which  increases 
the  risk,  vitiates  the  policy. 

910.  Short  Rate  Tables  are  tables  prepared  for  reck- 
oning the  insurance  when  the  time  is  less  than  one  year. 

The  rate  in  short  periods  is  quoted  per  annum^  and  the  actual  rate  foi 
a  short  period  is  given  in  the  table.  Such  a  table  is  given  in  the  appen- 
dix,  ana  is  used  in  solving  some  of  the  problems  in  Cases  I.  and  IV. 
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911*  Perpetual  Policies  are  sometimes  issued,  the 
'ate  being  usually  equal  to  that  of  ten  annual  premiums. 

In  Perpetttal  Policies  the  premium  is  considered  merely  a  deposit  with 
the  Insurance  Company;  for  at  any  time,  at  the  instance  of  eithei 
party,  the  policy  may  he  cancelled,  and  90%  of  the  premium  or  deposit 
must  be  returned  to  the  policy  holder. 

913.  The  Quantities  considered  are:  1.  The  Amount 
Insured;  2.  The  Rate  of  Insurance;  3.  The  Premium; 
\  The  Valuation  of  Property, 

CASE  I. 

913*  Given,  the  amount  insured  and  the  rate,  to 
fitid  the  premium. 

1.  A  man  insured  his  store  for  $6850,  at  l\%  ;  required 
the  premium. 

Solution.— The  premium  on  $6850  at  operation. 

1J%  is  .OIJ  times  $6850,  which  is  $85.62i.        $6850x.01}=^$85.62i 

Rule. — Multiply  the  amount  insured  by  the  rate,  to  find 
the  premium, 

2.  Funk  &  Co.  insured  f  of  a  vessel  worth  $32,000,  at 
If  %,  and  I  of  the  cargo  worth  $28,600,  at  1J%  ;  required 
the  premiuni.  Ans,  $657.50. 

3.  A  man  secures  a  policy  of  insurance  on  his  house  foi 
$2500,  furniture  $1200,  library  $650,  the  policy  costing  $1.25 ; 
what  is  the  whole  cost,  premium  \%  ?  Ans.  $33.12^-. 

4.  Mj  agent  in  Liverpool  notifies  me  that  he  has  shipped 
goods  valued  at  £573  12  s.  6d.  I  have  insured  them  in 
New  York  at  2J%.  What  does  the  insurance  cost,  the 
policy  being  $1.25,  and  the  pound  sterling  valued  at 
$4.8665  ?  Ans.  $64.06. 

6.  An  insurance  company  took  a  risk  of  $40,000,  at  J%, 
reinsured  ^  of  it  with  another  ofl&ce  at  |%,  and  \  of  it  with 
another  at  |%  ;  what  did  the  company  clear  by  reinsuring? 

Ans.  $62.50. 

6.  What  is  the  premium  on  a  $1500  policy,  dated  Nov. 
19,  1877,  and  expiring  March  25th,  1878,  annual  rate  on  the 
risk  being  $.65  on  $100  ?  Ans.  $5.85. 

7.  R.  Brown  effects  a  perpetual  iii&vix^ii^^  ou\i\%  ^:^^^\!l^ 
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to  the  amount  of  $9000 ;  what  is  the  deposit  premium,  the 
anaual  rate  on  his  risk  heing  ^^%  ?  Ans.  $270. 

8.  Mr.  Garland  orders  insurance  as  follows :  $7500  on 
grain  storage  for  1  mo.,  $7500  on  do.  for  2  mo.,  $7500  on  do. 
for  3  mo.,  and  $7500  on  do  for  4  mo.,  all  in  same  warehouse, 
the  annual  rate  heing  $  75  on  the  hundred  dollars  ;  also  at 
the  same  time  orders  a  policy  for  $3000  on  his  dwelling  and 
$1500  on  his  barn,  for  5  years,  annual  rate  -J  %  ;  for  what 
must  he  draw  his  check  to  the  company  ?      Ans.  $145.50. 

9.  Mr.  Warfel  takes  out  an  insurance  of  $12000  for  3  mo., 
on  cotton  stored  in  a  warehouse,  rated  at  1%  per  annum ; 
at  the  expiration  of  this  time,  not  having  sold,  he  has  the 
policy  renewed  for  1  mo.  longer;  what  would  he  have  saved 
by  taking  out  the  insurance  for  4  mo.  at  first?     Ans,  $12. 

10.  Mr.  Michener  takes  out  an  insurance  on  his  property 
for  6  months,  annual  rate  ■^-^%  ;  next  day  he  meets  with  a 
total  loss  by  fire  ;  how  much  does  he  save  by  not  taking  a 
perpetual  policy  as  advised,  tiie  amount  of  insurance  being 

$4000  ?  Ans.  $223.20. 

NoTB. — The  rates  in  the  7th  and  the  following  examples  are  found  in  the 
short  rate  tables  in  the  Appendix. 

CASE   II. 
914*   Oiveii,  the  vdte  and  tlie  premium  or  the  value 
of  the  property,  to  find  the  amount  insured. 

1.  A  man  paid  $174.37^  to  insure  the  transportation  of  a 

lot  of  goods,  at  \\%\  required  the  value  of  the  goods. 

Solution. — At  a  premium  of  1^%,  .01^  times  opebation. 

the  amount  insured  equals  the  premium,  which  174  371 

is  $174.37^;   hence  the  amount   insured  equals  — -1— ^-.=:$13  950 
$174.37i-H.01i,  or  $13,950.  -O^i 

Rule. — Divide  the  premium  by-  the  rate,  to  find  the 
amount  insured. 

Note. — To  find  what  amount  must  be  insured  to  cover  the  premium  in 
CAse  of  loss,  we  divide  the  valuation  of  the  property  by  1  mintu  the  rette. 

2.  The  premium  for  insuring  i  of  the  value  of  a  house,  at 
4%,  is  $60  ;  required  the  value  of  the  house.  Ans,  $5000. 

3.  I  insured  my  hotel  at  If  %,  paying  $1050  premium  and 
$7.76  for  policy  and  survey;  what  was  the  amount  insured  ? 

Ans,  $60,000. 
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4.  I  insured  to  cover  $3870  on  my  barn,  and  the  premium, 
at  3\%  ;  what  was  the  amount  insured?  Ans,  $4000. 

5.  A  consignment  of  grain  was  insured  at  3J%  to  cover  | 
of  the  value,  $2850,  and  the  premium ;  what  was  the  amount 
insured  ?  Ans.  $2945.73. 

6.  A  cargo  of  French  silks  was  insured  at  5J%  to  cover 
I  of  its  value  ;  the  premium  was  $105  ;  what  was  the  value 
of  the  silk  ?  Ans.  $2500. 

7.  Took  a  risk  at  1|%  ;  reinsured  |  of  it  at  2\%  ;  my 
share  of  the  premium  was  $43 ;  what  was  the  amount  of  the 
risk?  Ans.  $17,200. 

8.  Took  a  risk  at  2\%  ;  reinsured  ^  of  it  in  a  mutual  com- 
pany at  a  rate  equal  to  3%  of  the  whole,  by  which  I  lost 
$37.50  ;  what  was  the  value  of  the  risk?  Ans.  $5000. 

9.  Took  a  risk  at  If  %  ;  reintjured  $8000  of  it  at  2%  and 
$6000  of  it  at  2\%  ]  my  share  of  the  premium  was  $55  j 
what  amount  was  insured  ?  Ans.  $20,000. 

10.  I  took  a  risk  on  a  house  worth  $40,000,  at  2%  ;  rein* 
sured  ^  of  it  for  2^%  and  \  at  2^%  ;  in  each  case  the  amount 
covers  premium  ;  how  much  did  I  gain  ?      Ans.  $99,558. 

11.  Hunter  &  Bro.  pay  $22.50  for  a  5-year  policy  on  their 
stable,  annual  rate  on  which  is  1  %  ;  what  is  the  amount  of 
the  policy  ?  Ans.  $750. 

12.  The  premium  on  a  perpetual  policy  of  insurance  was 
$91 ;  what  was  the  amount  insured,  if  the  rate  charged  was 
.21%  for  5  months?  Ans.  $2600. 

13.  A  merchant  insured  his  store  for  |  of  the  value,  at 
1^%  annually  for  7  years;  the  store  was  burned  down,  and 
his  loss  was  $4681.87^;  what  was  the  value  of  the  store, 
and  what  was  the  loss  of  the  insurance  company? 

Ans.  Value  of  store,  $12,375;  loss,  $7,693.12^. 

CASE  III. 

915.  Given,  the  preniiutn  and  the  amount  insured ^ 
to  find  the  rate, 

1.  Paid  $478.12^  for  insuring  |  of  the  value  of  a  church 
worth  $85,000 ;  required  the  rate. 
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Solution.—}  of  $85,000  is  $63,750 ;  operatiok. 

and  since    the    premium    equals    the  }  of  $85,000  =  $63,760 

amount  insured  multiplied  by  tlie  rate, 

the  rate  equals  the  premium,' $478. 12 J,  4/8.12o__  ^r  ** 

divided  by  the  amount  insured,  $63,750,  63,750      '^'^'"'^  */«'• 

which  we  find  to  be  .0075,  or  j  % . 

Rule. — Divide  the  premium  by  the  amount  insured,  to  find 

the  rate. 

2.  If  the  premium  is  $43.76,  and  the  amount  insured 
$2500,  what  is  the  rate  ?  Ans.  1|%. 

3.  If  I  pay  $1125  for  insuring  |  of  a  vessel  worth  $76,000, 
what  is  the  rate  ?  Ans,  2^%. 

4.  I  paid  $145.50,  including  the  cost  of  the  policy  and 
survey,  $6.50,  for  insuring  $8000  on  my  bouse;  required  the 
rate.  Ans.  1|%. 

5.  I  insured  $15,000  on  my  house,  $10,000  on  my  furni- 
ture, and  $1760  on  my  library,  for  5  years,  paying  a  pre- 
mium of  $702. 18| ;  what  was  the  annual  rate  ?    Ans.  J%. 

6.  A  draws  his  check  for  $135.60,  in  favor  of  an  insurance 
agent  for  2  policies  as  follows:  $135  to  apply  to  the  pay- 
ment of  a  perpetual  policy  on  his  dwelling  for  $4600,  and  the 
remainder  to  a  3  months'  policy  for  $600  on  a  piano  stored 
therein  ;  what  is  the  annual  rate  ?  Ans.  ■^%, 

CASE  IV. 
.  OlO*  To  find  the  return  premium  on  a  canceilrcl 
policy. 

017.  To  Cancel  a  Policy  is  to  annul  the  agreement 
between  the  party  insured  and  the  insurers. 

When  the  policy  is  cancelled  at  the  instance  of  the  company,  a  pro 
rata  proportion  of  the  premium  paid  is  returned ;  when  done  at  the  request 
of  the  policy  holder,  the  company  pays  back  a  return  premium  gov- 
erned by  what  are  known  as  Short  Raie  Tables. 

When  a  partial  loss  has  been  paid,  the  return  premium  is  to  the  whole 
premium  as  the  balance  of  the  policy  after  deducting  the  partial  losses 
paid  is  to  the  whole  amount  of  the  policy  as  first  issued. 

1.  Mr.  Carson  effects  an  insurance  on  bis  stock  of  mdse. 
to  the  amount  of  S8000  for  8  mo.,  at  short  rates,  his  risk  be- 
ing rated  at  85/  on  $100;  in  consequence  of  a  reduction  of 
stock  at  the  end  of  5  mo.  he  wishes  his  policy  cancelled  ;  to 
how  much  return  premium  is  he  entitled  ? 
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Solution. — The  rate  for  8  mo.  as  found  operation. 

in  the  table  i8$.00G8,  and  for  5  mo.,  $.0051,  .0068 .0051  =  .0017 

hence  the  return  premium  is  the  difference        «  0017  X  8000  =$13  i>0 
between  $.0068  and  $.0051   multiplied  by 
8000,  or  $13.60. 

Rule. — Multiply  the  amount  insured  by  the  difference  of 
the  rates /or  the  two  periods,  to  find  the  return  premium, 

2.  Mr.  Montgomery  takes  out  a  perpetual  insurance  on  his 
house  to  the  amount  of  $7500,  his  risk  bein^  rated  at  f  % 
annually  ;  what  is  the  deposit  premium,  and  if  he  afterward 
surrenders  his  policy  for  cancellation,  how  much  return 
premium  should  he  get  ?  Ans.  $281.25  ;  $253.12^. 

3.  Mr.  Byerly  has  an  annual  policy  of  $3000  upon  his 
house ;  at  the  end  of  8  mo.  a  fire  occurs  which  damages  his 
property  to  the  amount  of  $750,  which  the  insurance  com- 
pany pays  and  indorses  the  payment  on  his  policy  ;  3  months 
afterward  he  sells  his  house  and  surrenders  the  policy  for 
cancellation  in  full;  what  is  his  return  premium,  the  annual 
rate  being  y\%  on  his  risk?  Ans.  $.22^. 

4.  A  person  holds  a  $1200  policy  on  his  stock  in  store ;  81 
days  after  date  of  the  policy,  he  requests  a  reduction  of  ^  of 
this  amount  on  account  of  a  decrease  in  stock  ;  50  days  after 
this  the  Insurance  company  desires  to  cancel  the  policy  in  full. 
What  is  the  total  return  premium  paid  to  the  assured,  the 
annual  rate  being  ^%  and  the  term  one  year  ?  Ans.  $3.36. 

5.  A  perpetual  policy  of  $6000,  annual  rate  :|^%,  is  returned 
for  cancellation  after  a  partial  loss  of  $233.34  has  been  paid 
thereunder;  how  much  unearned  premium  is  due  the  assured  ? 

Ans.  $129.75. 

CASE  V. 

91 S*  To  adjust  the  loss  on  a  risk  between  several 
differetit  insurance  companies. 

OlO.  When  several  companies  are  interested  in  a  risk,  a 
loss  is  shared  by  the  companies  in  proportion  to  the  amounts 
of  the  several  policies. 

Companies  usually  prefer  to  attach  on  different  itema  va.  \Jcvfc  -saAOL^^v^ar 
portion. 

28 
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1.  Jones  &  Bro.  hold  a  policy  of  insurance  on  tneir  utore 
for  $7000  in  the  Phoenix  Fire  Ins.  Co.,  and  also  one  for  $3000 
in  the  Keystone  Ins.  Co. ;  a  fire  damages  the  property  to 
the  amount  of  $2025  ;  what  amount  does  each  of  the  compa- 
nies pay  ? 

Solution. — The  whole  amount  in-  operation. 

siired  is  $10,000;  the  amount  of  the  j. .  2025  :  :  7000  •  10000 

loss  to  be  paid  by  the  Pha'uix  is  to  '    9025  "i^  7000 

lj;2025  as  $7000  is  to  $10,000,  which  x=      ^/\^      =1417.50 

we  find  by  proportion  gives  $1417.50;  oa«c       oaaa    i  aa/^a 

the  amount  to  be  paid  by  the  Keystone  ^  :  2025  :  :  3000  :  10000 

is  to  $2025  as  $3000 is  to  $10,000,  which  Z02bX60{){)^ 

gives  $607.50.  10000 

'Rxde.—- Divide  the  loss  between  the  several  companies  in 
proportion  to  the  amounts  of  the  several  policies. 

2.  Reese  &  Co.  took  out  a  policy  in  the  Manhattan  Insur- 
ance Co.,  covering  $2500  on  their  store,  and  $1200  on  their 
stock  of  goods;  also  a  policy  in  the  ^tna  Insurance  Co., 
covering  $2000  on  their  store.  By  a  fire,  the  building  is 
damaged  to  the  amount  of  $3100,  and  the  stock  to  the  amount 
of  $600 ;  what  proportion  of  the  loss  does  each  company 
bear  ?  Ana.  Manhattan,  $2322.22| ;  ^tna,  $13'77.'77^. 

3.  Mr.  Harris  has  a  policy  in  the  What  Cheer  Fire  In 
surance  Co.  for  $5000,  covering  $3500  on  his  mill  in  Wooa 
socket  and  $1500  on  the  machinery  therein ;  also  a  policy  ih 
the  Roger  Williams  Fire  Insurance  Co.  for  $3000,  covering 
$2000  on  the  mill  and  $1000  on  the  machinery.  A  fire 
breaking  out  in  the  upper  part  of  the  building,  the  property 
is  damaged  by  fire  to  the  amount  of  $540  as  follows  :  $440 
loss  on  the  building  and  $100  on  the  machinery  ;  the  machi- 
nery was  also  damaged  by  water  to  the  amount  of  $500  ; 
how  much  must  be  paid  by  each  company  ? 

Ans.  What  Cheer,  $640;  Roger  Williams,  $400. 

4.  The  following  was  the  insurance  on  a  manufactory,  to 
wit,  "Orient,"  $500  on  building  and  $1000  on  contents : 
"  Franklin,"  $750  on  building  and  $1500  on  contents  ;  ''Ama- 
zon," $1000  on  building  and  $2000  on  contents;  "Lancas- 
ter." $1000  on  building  and  $2000  on  contents;  "PhoBnix," 
$250  on  building  and  $500  on  contents ;  the  policies  all  bear 
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date  April  1,  1876,  for  term  of  1  year,  except  the  •*  Lancas- 
ter," which  was  for  6  months.  A  fire  occurred  on  the  prem- 
ises, Oct.  2,  18T6,  and  damage  was  fixed  by  appraisers  as 
follows:  on  building,  $775,  and  on  contents,  $1900;  what 
amount  does  each  compauy  pay  ? 

^ns.  Orient,  $535 ;  Franklin,  $802.50;  Amazon,  $1070; 
Phoenix,  $267.50. 

L.IFE    INSURANCE. 

030.  Life  Lisurance  is  a  contract  by  which  a  company, 
in  consideration  of  payments  made  by  the  insured,  stipulates 
to  pay  a  certain  sum  of  money  to  his  heirs  at  his  death,  or  to 
himself  if  he  attains  a  certain  age.  Life  Insurance  companies 
are  either  Stock  or  Mutual, 

931.  In  Stock  Companies,  the  capital  is  subscribed  as 
in  any  other  corporation,  and  all  profits  are  divided  among 
the  stockholders. 

933.  Id  the  Mutual  Companies,  the  capital  is  formed  by 
the  premiums,  and  all  profits  are  divided  among  the  insured, 
and  go  to  decrease  the  premium  or  increase  the  policies. 

There  are  also  what  are  called  Mixed  Companies,  which  divide  the 
larger  part  of  their  profits  among  the  stockholders,  and  the  remainder 
among  the  policy  holders. 

933.  The  Policies  of  Life  Insurance  are  of  the  following 
kinds: 

1.  Term  PolicieSf  payable  at  the  death  of  the  insured  if  it  occur  within 
a  certain  number  of  years,  premium  payable  annually. 

2.  Life  Policies,  payable  at  the  death  of  the  insured,  premium  payable 
annually  during  life,  or  in  one,  five,  or  ten  annual  payments. 

3.  Joint  Life  Policies,  payable  at  the  death  of  the  first  of  two  or  more 
persons,  to  the  survivor,  premium  payable  as  in  life  policies. 

4.  Endowment  Policies,  payable  to  the  insured  at  the  end  of  a  certain 
number  of  years,  or  to  his  heirs  if  he  dies  sooner,  premium  payable 
either  annually  during  the  continuance  of  the  policy,  or  in  one,  five,  or 
ten  annual  payments. 

5.  Reserve  Endovmient  Policies,  a  kind  latelv  introduced,  uniting  the 
Life  and  Endowment  plans,  the  premium  being  the  sai^.^  as  in  a  life 
policy,  but  the  insurance  terminating  at  such  time  as  the  applicant 
elects,  when  an  endowment  is  paid  equal  to  the  legal  reserve  of  the 
policy. 

6.  Tontine  Savings  Fund  Policies,  payable  like  others  at  death,  but  in 
which  the  excess  of  premiums  received  over  the  Q\»iT£i&  Vj  ^<KftJ^  «b^^ 
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expenses,  Is  divided,  at  the  end  of  a  certain  fixed  period,  among  th( 
survivors  of  those  insureil  for  that  penod,  and  at  this  time  these  sur- 
vivors can  either  take  tJie  money  as  an  endowment  or  change  the  form 
of  their  policy. 

934.  The  Premium  is  made  up  of  three  elements:  1. 
lieservef  being  that  part  of  the  premium,  with  the  interest 
thereon,  which  is  reserved  to  pay  the  policy  when  it  becomes 
due;  2.  The  Cost  of  Mortality^  being  the  estimated  amount 
of  each  one's  share  of  the  losses  bj  death  each  year;  3.  The 
Loading^  or  premium  for  expenses. 

035.  The  Rates  of  premium,  as  fixed  by  different  com- 
panies, are  based  on  the  probability  of  life  as  determined 
by  a  table  of  mortality,  the  probable  rates  of  interest,  and 
the  loading. 

Notes. — 1.  Life  Insurauce  has  attained  such  magnitude  that  several 
millions  are  now  hivested  in  it  in  the  United  States,  the  number  of  policy 
holders  beinjj^  between  eight  and  nine  hundred  thousand.  The  combined 
amount  of  the  policies  in  force  is  some  $2,000,000,000,  and  the  annual 
sums  disbursed  by  the  companies  among  the  insured  are  from  $50,000,000 
to  $()0,000,000.  The  largest  amount  actually  paid  in  the  United  States  on 
a  single  life,  was  $300,0tt).  The  largest  amount  paid  in  the  world,  was  on 
the  life  of"  an  English  nobleman  for  $1,250,000. 

2.  Policies  were  formerly  forfeited  on  a  failure  to  pay  the  annual  pre- 
mium, but  most  companies  now  arrange  some  way  by  which  this  can  be 
avoided.  Some  companies  allow  the  policy  to  run  on  a  certain  time, 
proportio!ied  to  the  number  of  premiums  that  have  been  paid,  and  if  the 
insured  dies  within  this  time,  the  amount  insured  will  be  paid,  minus  the 
premiums  omitted. 

8.  In  mutual  or  mixed  companies  one  half  of  the  premium  is  sometimes 
paid  by  a  note  and  the  dividends  applied  to  cancel  that  note.  In  other 
cases,  the  dividends  are  added  to  the  policy  or  used  to  reduce  the  pre- 
mium. Stock  companies  pay  no  dividends  to  policy  holders,  but  their  rate 
of  premium  is  usually  from  20  to  30  per  cent,  less  than  mutual  companies. 

4.  In  case  a  person  wishes  to  surrender  his  policy,  the  company  usually 
returns  a  part  of  the  premium,  l)ut  this  is  often  but  a  small  part  of  what 
has  been  paid  in.  It  has  lately  become  a  common  practice,  instead  of 
returning  a  part  of  the  premium,  to  give  to  the  person  surrendering  his 
policy,  a  small  "  paid-up"  policy,  which  guarantees  a  certain  sum  at  hie 
death  without  further  payments.  A  much  larger  sum  can  be  guaranteed 
in  this  way  than  can  be  paid  in  cash. 

5.  A  table,  given  by  the  Mutual  Insurance  Company  of  New  York,  will 
be  found  in  the  appendix,  which  corresponds  with  those  of  several  other 
companies,  and  may  be  considered  as  a  fair  representation  of  the  premiums 
of  mutual  companies. 

930.  The  Quantities  considered  in  Life  Insurance, 
using  the  tables  in  our  calculations,  are ;  I.  The  Fremtum 
on  $1000;  2.  The  Gain  or  Loss;  3.  The  Amount  of  the 
Policy;  4.  The  Age;  5.  The  Period  of  Insurance, 
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CASE  I. 

9227*  Oiven,  tJie  atnount  of  the  policy,  the  ngCj  and 
the  j}eriod  of  insurance,  to  find  tlie  pretniuni, 

1.  What  annual  premium  must  a  man,  aged  35  years,  pay 
for  a  life  policy  of  $4500  ? 

Solution. — The  premium  for  life  at  operation. 

r^^  a^nnA^¥''''''^i''  ef-^/fn^^' "^^n^'u^        $26.38x4.500  =  $118.71 
for  $1000 ;  hence  for  $4o00  it  will  be 

4.500  times  $26.38,  which  is  $118.71. 

Hence  the  following 

Rule. — Find  in  the  table  the  premimn  corresponding 
to  the  given  age  and  time,  and  multiply  the  aunt  by  the 
amount  of  the  policy ^  considering  all  terms  of  the  policy  be- 
low thousands  as  decimals. 

2.  Mr.  Jones,  aged  42  years,  takes  out  an  endowment 
policy  in  the  Metropolitan  Life  Insurance  Company  for 
$12,000,  payable  to  himself  in  ten  years,  or  to  his  heirs  at 
his  death;  what  premium  will  he  pay?       Ans,  $1291.80. 

3.  A  gentleman  insures  his  life  for  the  benefit  of  his  wife, 
but  his  income  being  somewhat  uncertain,  he  prefers  to 
make  a  single  payment ;  what  must  he  pay  for  a  policy  of 
$1.1,000,  his  age  being  50  years  ?  Ans.  «85D6.95. 

4.  Mr.  Stewart  wished  to  insure  his  life  at  the  age  of  35 
for  $12,000  ;  but  times  being  hard,  and  his  affairs  somewhat 
embarrassed,  he  did  not  take  out  the  policy  till  he  was  40 
years  old  ;  how  much  more  would  the  premiums  amount  to 
for  an  endowment  policy  for  20  years  than  if  he  had  taken 
it  when  he  first  intended?  Ans.  $477.00. 

5.  James  Woodford  took  out  an  endowment  policy  for 
$7500,  payable  in  20  years,  his  age  being  30  years ;  if  he 
lives  to  receive  the  endowment,  would  he  have  paid  more  or 
less  if  he  had  taken  a  policy  of  the  same  amount  at  35  years 
of  age  for  15  years  ?  Ans.  $353.62^  more. 

6.  A  gentleman,  aged  38  years,  takes  a  life  policy  in  the 
Equitable  Life  Insurance  Company  for  $8000,  and  after  five 
payments  his  premium  is  reduced  one-third  by  the  dividends. 
If  he  lives  to  the  age  of  70  years,  what  amount  of  premiums 
will  he  have  paid,  and  how  much  more  iViOAi  VlXi^V^^'Kv^^^i 
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20  annual  payments,  dividends  being  the  same  part  of  pre- 
mium ?  Ans.  $ll05.46f. 

7.  Mr.  Detwiler,  aged  50  years,  takes  out  an  endowment 
policy  for  $10,000,  payable  in  15  years,  and  dies  after  mak- 
ing 10  payments;  how  much  would  he  have  saved  by 
taking  a  life  policy  for  the  same  amount,  premium  payable 
annually?  Ans.  $2941. 

CASE  II. 

02Hm  Given,  the  aniount  of  policy,  the  age,  ami  the 
period  of  intturance,  to  fitul  the  gain  or  loss  by  itisur^ 
ing. 

1.  A  man  30  years  of  age  takes  a  life  policy  for  $2500, 
premium  payable  during  life;  he  dies  after  making  15  pay- 
ments ;  how  much  will  the  amount  of  the  policy  exceed  the 
payments  ? 

Solution. — Having  found  the  pre-  operation. 

mium,  by  Case  I.,  to  be  $56.75, 15  pay-        |22.70x     2.500=     $56.75 

ments  will  amount  to  $851. 2o  and  the        |56.75x  15  =  $851.25 

SSi^.'^'J^  ^  ^^^  difference  between         $2500-$851. 25 =$1648.75 
52500,  the  amount  of  the  policy,  and 

the  amount  of  the  payments,  which  is 

$1648.75. 

Rule. — Multiply  the  premium,  as  found  by  Case  /.,  by 

the  number  of  payments,  and  subtract  this  product  from 

the  amount  of  the  policy. 

Note. — If  interest  is  reckoned  on  the  payments,  we  may  obtain  their 
amount  as  we  obtain  the  final  value  of  an  annuity. 

?.  A  gentleman  aged  40  years,  takes  out  an  endowment 
policy  in  the  National  Life  Insurance  Company  for  $5000, 
payable  in  10  years,  the  annual  premium  being  $89.85  per 
$1000  ;  reckoning  interest  at  6%  ou  his  payments,  will  he 
gain  or  lose  if  he  lives  to  receive  his  endowment  ? 

Ana,  Lose  $9Y5.025. 

3.  At  30  years  of  age,  James  Headley.took  out  an  en- 
dowment policy  for  $18,000,  payable  in  15  years,  his  divi- 
dend reducing  the  premium  after  the  third  payment  25%  ; 
what  will  be  the  gain  on  his  policy  at  maturity,  not  reckon- 
ing interest  on  premiums  ?  Ans.  $357t.68. 
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4.  George  Holden,  at  25  years  of  age,  insures  in  the  Mu 
tual  Life  Insurance  Company  of  New  York,  for  $30,000, 
payable  to  himself  in  20  years.  If  the  dividends  are  added 
to  the  policy,  and  amount  to  $12,000,  how  much  more  will  he 
receive  than  he  has  paid,  reckoning  7%  interest  on  pre- 
miums ?  Ans.  He  would  pay  $t  634.88  more  than  he  received. 

6.  At  the  age  of  38  years,  Joseph  Moore  took  out  a  life 
policy  of  $5000,  premiums  to  cease  in  10  years.  He  died 
aged  44  years,  6  months ;  what  was  the  gain  by  insuring, 
reckoning  interest  on  premiums  at  6%  ?      Ans.  $2618.24. 

6.  Peter  Lehr,  39  years  of  age,  took  out  an  endowment 
policy  for  $6000,  payable  in  10  years.  In  15  months  he 
died ;  what  was  the  gain,  reckoning  interest  on  premium  at 
T%,  and  how  much  greater  profit  would  it  have  been  to 
take  a  life  policy,  premiums  payable  during  life  ? 

Ans.  $4653.89  gain ;  $964.81  more  profit. 

7.  A  clergyman  insured  for  $2000  in  1843,  in  the  Mutual 
Life  Insurance  Company  of  New  York,  and  died  in  1869, 
just  after  the  payment  of  a  premium,  his  heirs  receiving  as 
dividends,  $19T1.26.  Supposing  him  to  have  been  45  years 
old  at  the  issue  of  the  policy,  would  it  have  been  more 
profitable  to  have  invested  the  premiums  at  6%  compound 
interest?  Ans.  They  would  have  gained  $866,555. 

CASK    III. 

0I30*  Given,  the  age,  the  time,  and  the  a^nount  of 
the  premiums f  to  find  tlie  amount  of  the  policy, 

1.  A  gentleman,  32  years  old,  took  out  an  endowment 
policy  for  15  years,  and  at  its  maturity  he  had  paid  in  pre- 
miums $1813.32  ;  what  was  the  amount  of  his  policy  ? 

Solution. — Since  the  premiums  for  operation. 

15  years  amount  to  $1813.32  the  pre-        $1813.32^15  =  $120,888 
mmm  for  1  je^  wiH  be  ^V  of  $1813.32,        $120.888-^$67.16  =  1.8. 
which  ifi  $120,888.     From  the  table  we        $iooOx  1.8  =  $1800. 
find  that  the  annual  premium  on  an  en- 
dowment of  $1000  at  32  years  of  age 

for  16  years  is  $67.16  ;  and  since  $67.10  is  contained  in  $120,888,  1.8 
times,  the  amount  required  must  be  1.8  times  $1000,  or  $1800. 

Rule* — Find  the  annual  premium  and  dxviidfi,  lK\%\»i  VNv^ 
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premium  in  the  table  under  the  given  age  and  rate^  and  niuU 
iiply  the  quotient  by  $1000. 

Note. — If  interest  is  reekoned  on  premiums,  divide  the  given  amount 
by  the  amount  ol'  tlic  premiums  on  $1000. 

*2.  William  IIolTman,  of  Lancaster,  25  years  old,  took  out 
an  endowmeDt  policy  payable  in  20  years,  but  died  after 
making  12  payments,  having  paid  as  premiums  $2288  64  > 
what  was  the  amount  of  his  policy?  Ans.  $4000. 

;{.  Joseph  Duncan  took  out  a  life  policy  at  the  age  of  51 
years,  and  died  just  after  making  the  11th  payment;  his  pre- 
miums, wMth  interest  at  6%,  amounted  to  $10,596.30;  what 
was  the  amount  of  his  policy?  Ans,  $15,000. 

CASE  IV. 

030.  Given,  the  aniotint  of  the  policy,  the preniitun, 
and  the  period  of  inaurance,  to  find  the  age  of  tlie  ift~ 
sured. 

1.  John  Thompson  insured  his  life  for  $3000,  paying  as 
premium  $81.75;  what  was  his  age? 

Solution. — Since  $3000  is  3  times  $1000,  operation. 

we  divide  the  premium  $81.75  by  3,  which  $81.75  •  8 $27  25 

gives  $27.25,  the  premium  on  $1000.  Look-  $27.25,  prem.  for  36  yr. 
ing  in  the  table,  we  find  $27.25  opposite  36 
years,  hence  36  years  is  the  required  age. 

Rule. — Divide  the  annual  premium  by  the  ratio  of  the 
amount  of  the  policy  to  $1000,  and  find  the  quotient  in  the 
table  ;  the  age  opposite  this  number  will  be  the  age  required, 

2.  Mrs.  Mason  took  out  an  endowment  policy  for  $2500, 
payable  in  10  years;  she  paid  $2817  as  premiums  until  the 
policy  matured ;  what  was  her  age  at  the  time  of  insuring  ? 

Ans.  50  years. 

3.  Edward  Spencer  took  out  a  life  policy  for  $8000,  on  the 
single  payment  plan  ;  his  premium  was  $3735.12;  at  what 
age  did  he  insure?  Ans.  42  years. 

4.  Lewis  Levan  took  out  an  endowment  policy  for  $5000 
for  15  years,  and  at  the  time  of  maturity,  his  premiums,  if 
put  on  interest  at  6%,  would  have  amounted  to  $7713.39  ; 
what  was  his  age  ?  Ans.  40  years. 
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CASE    V. 

OSl.  Given f  the  amount  of  the  policy ,  the  amount 
of  the  pretniums,  and  the  age,  to  Jind  the  peHod  of 
insurance, 

1.  A  gentleman,  43  years  of  age,  was  insured  for  life  for 
$7000;  the  whole  amount  of  premiums  paid  was  $1717.45; 
at  what  age  did  he  die  ? 

Solution. — The  premium  on  $1000,  by  operation. 

liie  table,  is  $^^5.05,  hence  on  $7000  it  is        ^ok  05  v  7=1524,^  ^'i 
$245.35;  dividing  $1717.45    by  $245.35,        $1717.«^245.35= 

we  find  the  number  of  payments  to  have        7 l=Q  43+6=49 

been  7  ;  and  since  the  first  was  made  at  the  ' 

beginning  of  the  period,  there  have  been  6  yearly  payments  since  he  waa 

43  years  old,  hence  his  age  was  43-|-6,  or  49  years. 

Rule. — Find  the  annual  premium  on  the  given  sum,  and 
divide  the  amount  of  the  premiums  by  this  annual  premium  ; 
the  result  will  be  the  period  of  insurance. 

2.  An  endowment  policy  for  $9000.  was  taken  out  by  a 
lady  aged  49  years;  at  its  maturity  she  received  $1062.90 
less  than  she  had  paid  in  premiums ;  what  was  the  period  of 
the  policy  ?  ^ns.  10  years. 

3.  John  Wise,  at  the  age  of  30,  insured  his  life  for  $6000, 
premium  to  be  paid  during  20  years;  but  dying  before  the 
expiration  of  the  period,  he  paid  in  premiums  $607.20  less 
than  if  he  had  made  all  the  payments ;  how  many  payments 
did  he  make?  Ann.  16. 

4.  Nathan  Wdrd  bad  his  life  insured  at  the  age  of  37, 
premiums  payable  during  life  ;  how  long  must  he  live  that 
the  amount  of  premiums  paid  may  exceed  the  policy? 

Ans,  Till  his  73d  year. 

5.  Peter  Long  takes  out  an  endowment  policy  for  $11,000, 
at  the  age  of  42;  at  its  maturity  he  has  paid  in  premiuma 
$11,635  80 ;  what  was  the  period  of  the  policy  ? 

Ans.  20  years. 
Note. — For  formulas  for  obtaining  the  premium,  etc.,  see  MantuiL. 
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BUILDING   ASSOCIATIONS. 

932.  Building  Associations  are  cooperative  corpora- 
tions iusticuled  to  receive  small  deposits  at  regular  periods, 
and  to  iuvest  tliese  in  loans  among  the  depositors  or  mem- 
bers, on  mortgages  given  by  the  borrower. 

Thc8e  a^ssociations  enable  many  persons  of  moderate  earnings  and 
incomes  to  erect  or  buy  buildings,  and  to  invest  their  savings  securely 
and  protiiably.  The  regular  installments  form  the  capital  of  the  asso- 
ciation, wiiich  is  loaned  to  members  only.  The  business  is  managed 
directly  by  the  depositors,  and  the  profits  are  equitably  divided  among 
them 

933.  The  Members  of  an  association  are  those  who  sub- 
scribe for  shares.  They  are  of  two  classes,  borrowers,  or 
those  who  borrow  money  of  the  association,  and  non-borrow- 
ers, who  subscribe  for  shares  as  an  investment. 

934.  The  Shares  are  usually  issued  periodically  in  aeries, 
thus  producing  a  constant  succession  of  shares,  each  series 
successively  reaching  its  value  and  being  wound  up,  and  a 
new  series  taking  its  place.  Many  associations  have  only 
one  series. 

When  the  installments  and  profits  on  any  series  have  raised  the  value 
of  its  shares  to  par,  it  is  wound  up  by  returning  to  the  non-borrowing 
members  the  value  of  their  shares  (though  in  some  associations  the 
paid-up  shares  are  allowed  to  remain  and  draw  cash  dividends),  and  to 
the  borrowing  members  their  mortgages  and  cancelled  obligations. 

Thus,  supposing  $200  to  be  the  value  of  a  share  and  the  payments  $1 
a  month,  if  the  capital  is  accumulated  in  one  hundred  months,  the  non- 
borrowing  member  will  receive  $200  on  a  share,  and  the  borrowing 
member's  debts  will  be  cancelled,  and  his  mortgage  for  $200  a  share 
returned.  The  installments  in  each  case  have  amounted  to  only  $100, 
making  a  profit  of  $100,  or  100%  for  the  time.  Many  series  are  closed 
before  their  shares  are  fully  equal  to  $200  in  value. 

935*  The  Dues  are  the  fixed  periodical  installments, 
and  are  usually  $1  a  month.  Contingent  Dues  for  current 
expenses  are  assessed  annually  by  some  associations.  In 
ease  of  non-payment  of  dues,  fines  are  levied.  It  is  illegal 
in  Pennsylvania  to  charge  fines  on  unpaid  fines. 

At  the  regular  monthly  meetings  of  associations,  the  aggregate  in- 
stallments or  dues,  interest,  fines,  etc,  paid  in,  are  loaned  to  the  highest 
bidder,  or  sometimes  in.  the  order  of  application,  in  which  latter  case 
there  is  a  fixed  or  stated  premium  to  be  paid  by  the  borrower. 

936.  The  Premium  is  a  percentage  paid  per  share,  in 
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excess  of  interest,  on  money  which  is  '*  bought"  or  borrowed 
of  the  association.  It  is  quoted  for  the  beginning  of  the 
series, 

937.  The  Stated  Premium  is  the  minimum  rate  fixed 
by  associations,  at  which  money  will  be  sold  on  shares,  each 
year  of  a  series. 

The  SbaUd  Premium  is  fixed  at  $50,  or  25%  of  a  share,  for  the  1st  year; 
$45,  or  22  J  %  for  the  2d  year ;  $40,  or  20%  for  3d  year,  etc.;  decreasing 
10%  yearly  to  the  7th  year,  when  it  becomes  $20,  or  10%.  Money  is 
seldom  loaned  after  the  7th  year,  or  at  a  lower  "  stated  premium."  The 
enlire  premium  for  any  year  of  a  series  equals  the  slated  -premium  for  that 
year  plus  the  amimnt  bid. 

Some  associations  have  no  stated  premium  to  regulate  the  difference 
of  premium  between  diflerent  series,  but  deduct,  for  each  expired  year 
of  the  series,  10%  from  the  premium  bid.  This  is  avoided  by  the  In- 
stallment plan,  in  which  a  number  of  cents  a  month  is  bid  as  premium, 
thus  making  no  difierence  in  what  series  the  borrower  holds  shares. 

938.  There  are  Three  Modes  of  loaning  money  and 
fixing  the  interest,  adopted  by  different  associations,  called 
the  Installment  Plan^  the  Net  Flan,  and  the  Gross  Plan. 

By  the  first  plan,  the  par  value  of  a  share  is  loaned  on  each  share,  and 
the  premium  is  paid  in  monthly  installments,  together  with  the  dues 
and  interest.  By  the  second  plan,  the  premium  is  deducted  from  the 
par  value,  and  interest  is  charged  on  the  net  amount  of  the  loan.  By 
the  third  plan,  the  premium  is  deducted  from  the  par  value,  but  interest 
is  charged  on  the  par  value  of  the  share. 

Thus,  by  the  Installment  Plan,  the  net  loan  is  $200,  the  par  value  of 
the  share  and  tiie  full  amount  of  the  mortgage;  the  payments  are  $1  a 
month  dues,  $1  interest,  and  —  cents  premium.  By  the  Net  Plan,  if  the 
premium  is  $50,  the  net  loan  is  $150,  and  payments  $1  a  month  dues 
and  J5^  a  month  interest.  By  the  Gross  Plan,  the  net  loan  is  $150,  but 
payments  are  $1  dues  and  $1  interest.  The  monthly  premium  in  cents 
by  the  first  plan  corresponds  nearly  to  the  total  premium  in  dollars  on 
a  new  series  by  the  other  plans,  on  the  basis  of  100  months. 

In  Pennsylvania,  where  these  associations  are  most  numerous,  the 
number  of  shares  at  any  one  time  is  limited  to  5000,  and  the  periodic 
payments  of  borrowers  to  $2.  Thus,  by  the  Installment  and  Gross 
Plans,  the  dues  and  interest  at  6%  on  $200,  par  value  of  a  share,  are  each 
$1  a  month,  which  brings  the  payments  up  to  the  limit,  $2. 

If  loans  are  paid  before  the  termination  of  a  series,  an  equitable  part 
of  the  premium  paid  is  refunded,  by  the  Gross  and  Net  Plans.  No 
premium  is  returned  by  the  Installment  Plan^  since  none  is  paid  in  advance. 

The  Installment  and  Net  Plans  are  more  favorable  to  the  borrower 
than  the  Gross  Plan.  Of  the  three,  the  Installment  Plan  is  the  true  one, 
and  merits  universal  adoption. 

939.  A  Withdrawal  is  made  by  returning  the  stock 
certificates  to  the  association,  and  making  ^^lU^\sv^\s\., 
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In  case  of  withdrawal,  a  non-borrower  receives  the  dues  paid  in,  aud 
an  -equitable  part  of  the  accrued  profits.  By  the  Installment  Plan,  a 
borrower  pays  the  difference  between  the  withdrawal  value  of  the  shares 
and  the  gross  amount  of  the  loan.  By  the  Net  or  Gross  Plans,  a  bor- 
rower pays  the  diflerence  between  the  sum  of  the  withdrawal  value  of 
the  shares,  increased  by  the  premium  for  the  unexpired  years  of  the 
series,  and  the  gross  amount  of  the  loan. 

The  profits  of  an  association  accrue  from  interest  and  premiunuL  The 
True  Profit  at  any  date  of  a  series  is  the  legal  interest  on  the  payments, 
plus  that  part  of  the  profit  on  premiums  which  the  present  value  of  a 
share  is  of  the  par  value,  $200.  The  Withdrawal  Profit  is  the  True 
Profit  less  a  Withdrawal  Discount  fixed  by  the  Association  By-Laws. 

Note. — Building  Associations  are  not,  as  often  8upix)8ed,  builders  of 
houses.  They  are  corporations  organized  to  enable  their  members  to  buiUl 
houses^  or  buy  them  in  their  individual  capacity,  and  might  perhaps  as 
appropriately  be  called  Savings  Fund  and  Loan  Associations. 

CASE   I. 
040.   To  find  the  actual  cost  of  any  amount  of  stock* 

1.  What  would  be  the  annual  aggregate  dues  oa  50  shares 
of  stock  at  $1  a  month  per  share  ? 

SOLUTION. — Since  the  dues  on  1  share  for  1  operation. 

month  are  $1,  on  50  shares  for  1  month,  they        $lx5Qvl2 $600 

will  be  $50,  and  fori  year  12  times  $50,  or  $600.        "^  ^     ^  *"^ 

Rule. — Multiply  the  periodical  dues  by  the  number  of 
periodSf  and  to  this  product  add  the  sum  of  the  fines,  if  any 
have  been  levied. 

2.  I  buy  10  shares  in  1st  series,  8  in  2d,  and  16  in  3d  of 
Investment  Building  Association ;  if  these  series  run  out  la 
8,  8^,  and  9  years  respectively,  how  much  money  in  monthly 
dues  will  then  have  been  paid  in  on  the  three  series  wlysn 
closed  out  ?  Ans.  $3488. 

3.  Bought  45  shares  of  Franklin  Association,  5  months 
after  the  date  of  issue,  for  $252,  but  was  unable  to  pay  up 
dues  for  3  months  after  purchase ;  how  much  did  I  pay  for 
the  year,  including  fines  of  10%  on  unpaid  dues? 

Ans.  $594. 

4.  At  the  end  of  the  4th  year  of  a  series,  John  Doe  bor- 
rows  of  the  Decatur  Building  Association,  on  20  shares  at  $40 
premium.  Gross  Plan,  but  in  two  years  he  becomes  insolvent 
and  ceases  to  pay  his  dues;  if  the  fines  are  5%  on  unpaid 
dues,  what  would  be  due  the  association  at  the  end  of  the 
seventh  vear  ?  Ans.  $636. 


BUILDING     ASSOCIATIONS.  445 

CASE   II. 

941.  To  find  the  true  preniiutn  charged  on  loans, 
and  refunded  on  their  paynienU 

1.  Mr.  Lee  bought  a  loan  on  6  shares  of  stock  1  year  and 
1  month  old,  premium  $T2  ;  what  is  the  true  premium,  if  th« 
last  annual  report  gives  the  value  of  a  share  as  $15.50  ? 

Solution. — Since    the    dues   for    1  operation. 

month  have  been  paid  since  the  report,     $15,504.$!  =  $16.50 
the  accumulated   value    is  $15.50+fl    $200  — $16.50 =$183  50 

""\l^n^'  %^i«\^n""^''^'l«Q"Jfn^'^  '^^^"^    $72x183.50-5-200  =  $66.06 
=  ^l\)\j  —  IJ)1d.5U  =  !|)loo.oU.      omce 

of  the  par  vahie  is  unaccumulated,  of  the  premium  bid 

must  be  the  premium  due,  or  the  true  premium;  -^|§^  of  $72 ^$72 
X  183.50-5-200  =  166.06. 

Rule. — Multiply  the  premium  hid  by  the  unaccumulated 
value  divided  by  200  (or  by  one-half  of  the  unaccumulated 
value  regarded  as  a  rate  per  cent.)^  and  the  renult  will  be 
the  True  Premium. 

Notes. — 1.  This  method  is  more  accurate  and  equitable  than  that  of  de- 
ducting 10  per  cent,  for  each  year,  or  the  "  stated  premium'*  method.    A  * 
money  basis,  and  not  a  time  basis,  is  the  only  one  that  will  permit  exact 
results. 

2.  In  finding  the  Net  Loan,  deduct  the  True  Premium  ;  and  in  finding  the 
Total  Cost  of  a  loan,  multiply  the  morithly  payments  by  the  time  in  mmtths. 

3.  Upon  Payment  of  Loans,  the  True  Premium  at  the  date  of  paymeftt 
shofdd  be  refunded.  The  Pennsylvania  law  requires  one-eighth  of  the  premium 
to  be  refunded  for  every  year  unexpired  of  eight. 

2.  In  June,  18T6,  I  buy  a  loan  on  5  shares  of  stock,  issued 
April  18T3,  at  a  premium  of  $^  ;  what  amount  of  cash  do  I 
receive,  if  by  the  last  annual  Report  a  share  of  this  series  is 
worth  $51.80  ?  Ans.  $764.05. 

3.  If  the  first  series  of  the  Centennial  Building  Associa 
tion,  issued  July,  1876,  should  be  published  in  the  sixth 
annual  Report  as  worth  $140.50,  what  would  be  the  net 
amount  of  a  loan  made  in  December,  1882,  on  20  shares  of 
this  series  at  a  premium  of  $95  ?  Ans.  $3491.75. 

4.  If  this  loan  should  be  returned  May,  1884,  and  the 
Report  of  '83  gave  the  shares  at  $165.80,  what  would  be 
the  true  premium  due  the  borrower  on  a  share,  and  the 
l)alance  due  on  the  loan?  Ans,  $11.0*^^  %?>*\\^.^^ 

5.  TheProviden   Building  Asaoc\a\AOv\  ^o\^  xc^^^^l*^^^^^ 
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Collins  on  23  shares  for  67/  a  month  premium  per  share; 
what  was  the  amount  of  his  loan  and  what  did  his  monthly 
payments  aggregate  for  9  years  ?     Arts.  $4600  ;  $6632.28. 

CASE  m. 

04!S.  To  find  Vte  amount  and  the  actual  cost  of  a 
loan  to  a  borrower, 

1.  I  bought  a  loan  on  12  shares  in  a  new  series  of  Bene- 
fit Building  Association,  Gross  plan,  at  $11  and  "stated 
premium  ;"  if  the  series  runs  out  in  8f  years,  what  will  be 
the  actual  cost  of  my  loan  ? 

Solution. — The  month-  operation. 

ly   payment    on   1    share  $2.00x12=  $24,  Monthly  payment, 
equals  $1  dues  and  $1  m-  105x104 

terest,   or  $2,   and  on  12  $24x  — r ^=$655.20,  Interest  6%. 

shares  the  payment  is  $24.  ^_.     ,/^.       *r.jr./»  «  /. 

The  first  installment  is  on  *24x  104  =  $2496,  Sum  of  payments. 

interest  104  months,  the  $24964-$655.20  =  $3161.20,  Cost  of  Loan, 
second     installment     103 

months,  and  so  on ;  hence  the  interest  of  a  payment  of  $1  for  the  dif- 
ferent periods  equals  the  interest  of  $1  for  a  number  of  months  repre- 
sented by  an  arithmetical  series  whose  first  term  is  1,  last  term,  104,  and 
number  of  terms  104,  or  (Art.  848)  J  of  (1044-1)  X 104.  The  interest  of 
$1  for  1  month  is  Jj^,  and  for  the  aggregate  months,  J  of  lOoX  104X  i^^ 
105xl04xi^  =$27.30;  and  on  $24  it  is  $27.30x24 =$655.20.  The 
sum  of  the  payments  equals  $24  X 104,  or  $2496;  and  the  cost  of  the  loan 
equals  $2496-f  $655.20,  or  $3151.20. 

Rule. — I.  Multiply  the  number  of  months  increased  by  1, 
by  the  number  of  months,  and  divide  by  4,  to  find  the  interest 
at  Q%  on  the  aggregate  monthly  payments  of$l, 

II.  Multiply  the  interest  on  the  aggregate  payments  of  $1, 
by  the  monthly  payment,  to  find  the  interest  on  the  payments. 
Find  the  sum  of  the  payments,  and  to  this  sum  add  the  tn- 
terest ;  the  result  will  be  the  cost  of  the  loan. 

Notes. — 1.  It  is  here  assumed  that  the  payments  draw  simple  interet$ 
from  their  payment  to  the  close  of  the  series.  It  would  be  more  correct, 
perhaps,  to  reckon  ann^ial  interest^  or  even  compound  intereKt;  but  the 
method  given  is  more  convenient. 

3.  The  loan  n  the  Installment  plan,  is  the  value  of  the  shares  on  which 
it  is  made,  the  premium  being  a  part  of  the  monthly  payment ;  in  the 
other  plans,  the  loan  equals  the  value  of  the  share  minus  the  preinium. 

2.  Mr.  Smith  and  Mr.  Jones  each  buy  a  house  for  $4000, 
and  Mr.  S.  gives  a  6%  bond  and  mortgage  due  in  10  years 
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for  the  full  amount;  Mr.  J.  gives  a  bond  and  mortgage  to 
the  Investment  Building  Association  for  a  loan  on  20  shares 
at  t5  cents  a  month  premium ;  if  the  shares  are  cancelled 
in  10  years,  who  pays  the  most  cash  for  his  house,  and  how 
much  ?  Ans.  Mr.  Jones;  $200. 

8.  Mr.  Henry  and  Mr.  Williams  buy  houses  for  $2460,  each 
paying  $500  cash.  Mr.  H.  gives  a  6%  bond  and  mortgage 
Tor  the  balance,  int.  payable  annually,  which  he  pays  off  at 
the  end  of  9  years  ;  Mr.  W.  borrows  of  a  building  associa- 
tion a  net  loan  of  $1960  at  $60  premium,  Net  plan,  in  a  new 
series,  which  "runs  out"  in  9  years;  which  house  cost  the 
more,  reckoning  interest  on  payments?       Ans.  1st,  $1.58. 

4.  Mr.  Brown  rents  a  house  for  $16  a  month  for  10  years, 
and  then  buys  it  for  $2000  ;  Mr.  White  buys  a  house  for  the 
same  price,  and  to  pay  for  it  obtains  a  loan  from  a  Building 
Association,  at  65  cents  a  month  premium,  on  10  shares  of 
a  series  which  runs  out  in  10  years;  how  much  less  does 
Mr.  B.  pay  for  his  house  than  Mr.  W.,  who  pays  annually 
2%  for  taxes,  and  1^%  for  repairs,  interest  reckoned  in  both 
cases  on  monthly  payments?  Ann,  $530.15. 

CASE  IV. 
043.  2V>  find  tlie  rate  of  interest  received  by  a  non- 
borrower, 

1.  What  rate  of  interest  do  I  receive  on  8  shares  of  build- 
ing association,  dues  $1  per  share,  if  the  series  runs  out  in 
8^  years  ? 

Solution. — The  installments  paid  operation. 

on  1  share  for  8}  years,  or  102  months,        $200— $102  ^  $98 
are  $102,  and  ilie  difference  between         103x102 

S200,  the  final  value,  and  $102,  the         — =  equated  time. 

amount  paid,  equals  $98,  which  is  the  i  hq 

gain,  or  interest  on  the   investment.        $93  *  103X102 0039^ 

$1,  the  first  payment,  is  on  interest  *         24 

102   montlis,  the  second   payment  is 

on  interest  101  months,  etc.;  hence  the  interest  on  the  payments  for  the 

different  periods  is  equivalent  to  the  interest  on  $1  for  a  number  of 

montlis  represented  by  the  sum  of  an  arithmetical  series  whose  first  term 

is   102,  last  terra  1,  and  number  of  terms  102,   or  i  of  (1024-1)  X 

102,  months  =  ^2  of  (102+1)  X 102,  years ;  hence  the  interest  on  $1  for  1 

103x102 
year,  or  the  rate,  is  $98-^ ^ =  $.2239+,  ox  *I*L3»^<?« 
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Rule. — I.  Subtract  the  sum  of  the  installments  paid  on 
one  share  from  the  value  of  the  share^  and  the  difference 
will  be  the  interest  on  the  investment, 

II.  Multiply  the  number  of  payments  by  the  number  of 
payments  increased  by  one  and  divide  by  24,  to  find  the 
equated  time^  or  the  number  of  years  in  which  $1  will  pro- 
duce the  same  interest  as  the  installments, 

III.  Divide  the  interest  on  the  investment  by  the  equaled 
time ;  the  quotient  will  be  the  equated  rate  per  cent. 

2.  What  equated  rate  %  of  profit  has  been  made  by  the 
fourth  series  of  the  Sehuyler  Building  Association,  if  at  the 
end  of  23  months  it  is  worth  $33.26  a  share  ?  Ans,  i4.Q%, 

3.  What  rate  of  interest  will  a  building  association  pay 
that  runs  out  in  8  yr.  ?  9  yr.  ?  Ans,  26.8%  ;  18.76%. 

4.  If  I  buy  25  shares  of  Penu  Building  Association  (new 
series)  paying  $1  dues  each  month  and  t5/  a  year  for  contin- 
gent expenses,  and  the  series  runs  out  in  10  years,  what  will 
be  the  equated  rate  of  interest  on  the  investment  for  the 
given  time?  Ans,  11.21%. 

5.  Mr.  Black  buys  from  a  friend  24  shares  of  Decatur 
Building  Association,  during  the  8th  month  of  the  4th  year 
of  the  series,  paying  $45.50  (estimated  value  by  last  Report) 
and  the  dues  paid  since  the  Report;  what  rate  of  interest 
does  he  receive  on  his  investment,  if  the  series  runs  out  in 
8 1  years  ?  Ans.  ^0^%  +. 

6.  Buy  10  shares  second  series  paying  $17.58  (estimated 
value  at  last  report)  and  dues  for  9  months ;  if  at  the  end 
of  the  year  the  series  is  valued  at  $38.30  per  share,  what 
is  the  amount  of  profit,  and  what  the  equated  rate  of 
interest?  ^n,s.  $87.20;  1225^^%. 

CASE    V. 

044.  To  find  the  rate  of  interest  paid  by  a  bfn** 
rower, 

1.  I  bought  a  loan  of  the  Penn  Building  Association  on 
10  shares,  new  issue,  at  $95  premium,  Net  plan  ;  what  rate 
%  of  interest  will  I  have  paid  if  the  series  expires  in  8^  yr.? 
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Solution.  —  operation. 

w^on.?^  J^^^^        lOX  l$200-$95)  =  $1050,  Anit.  of  loa«i. 

.^  if  A     u  *?^^  ^        100  X  ($10+$5. 25)  =  $1525,  Payment. 

$1050;  the  inter-  101^100 

eston$1050  for  1  $15.25 X^^^^^^X. 06  =  $385.06^,  Interest,  6%. 

mo. is $5.25;  and  *, ^^^  .  *.«?^  ^«,       ^^r^^r^^»,   -r^    . 

$10  due8-kk5  25  $1525+$385.06i  =  $1910.06^,  Entire  pfayment 

int  —  %\  5  ^rthp        $191 0.OOi— $1050  =  $860,061,  Int.  on  loan  U  yr. 
mLuilf     my!        $860.0615^81  =  $103.2075,  lit.  for  1  yr. 
ments,  whicn  L        $103.2075^1050  =  .0983-,  or  9xV^  fc . 
100    mo.    equal 

$1525.  Now,  the  interest  on  the  monthly  payments  (Case  III.)  is  equiva- 
lent to  the  interest  on  $15.25  for — —  years  at  6%,  or  $385,061; 

hence  the  actual  cost  of  the  loan  is  $1525+$385.06J,  or  $1910.06^; 
therefore  |1910.06i— $1050,  or  $860.06},  is  the  interest  on  tJie  loan  for 
8 J  years ;  and  the  interest  for  1  yr.  is  $860.06 J-f-8i  =  $103.2075 ;  hence 
the  rate  is  $103.2075-i-$1050  =  .0983^,  or  9?^«j^. 

Rule. — I.  Find  the  sum  of  the  installments ^  and  the  in 
terest  on  the  installments  for  the  equated  time  at  6%;  their 
sum  will  be  the  entire  cost  of  the  loan. 

II.  Subtract  the  amount  of  the  loan  from  its  entire  cost ; 
the  remainder  will  be  the  interest  on  the  loan  for  the  period^ 
from  which  the  rate  is  readily  found  by  the  method  of  sim- 
ple interest, 

2.  Mr.  Roscoe  buys  a  loan  on  10  shares,  new  series,  of 
Quaker  City  Building  Association,  at  $75  premium,  Gross 
plan  ;  what  equated  rate  of  interest  did  he  pay  for  his  loan, 
if  the  series  expired  in  8|  years?  Ans,  12.86%—. 

3.  Mr.  Collins  bought  of  the  Provident  Building  Associa- 
tion a  loan  on  20  shares,  3d  series,  at  tO/  a  month  premium, 
at  the  beginning  of  the  4th  year ;  if  it  ran  out  in  8^  years, 
what  equated  rate  of  interest  did  he  pay?    Ans.  4t.Si%+. 

4.  I  buy  two  loans  of  15  shares  each  in  1st  and  5th  series, 
at  the  beginning  of  the  5th  series,  at  $9  and  "  stated  pre- 
mium," Gross  plan  ;  what  rates  of  interest  shall  I  pay  if  both 
series  run  out  in  9^  years?  Ans.  6|-|%  +  ;  lliinr%  +  * 

5*  I  bought  loans  at  863  premium  on  17  shares  1st  series, 
worth  $80,  and  12  shares  3d  series,  worth  $41.70,  Net  plan, 
at  the  beginning  of  the  5th  year  of  the  association  ;  what 
equated  rates  of  interest  do  I  pay  if  the  first  series  runs  ou; 

in  8 J  years  and  the  3d  in  9  years  ?    Ans.  2.17%;  B.OSe^c. 
29 
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CASK   VI. 

045.  To  flnd  the  true  profit  earned  and  aUawed  on 
withdrawals^  less  the  withdrawal  discount. 

1.  I  withdraw  at  the  end  of  36  mouths  28  shares  of  E) 

Paso  Building  Association,  worth  $54.50;  what  is  the  true 

profit  earned  and  what  the  withdrawal  value,  the  withdrawal 

discount  being  lO^o  ? 

Solution. — vSince  tlie  operation. 

profits  accrue  from  in-        $54.50 -$36= $18.50,  Profits  on  1  share. 

terest  and  premium,  we  37  ^  gg 

consider     both.        The  — ^ — 9'  =  $3.33,  Interest,  6  % . 

paid  on  1  'share,  equah        fi^viVl,''!    t'  ^fi"^--  -"«* 
Sl«iO    th«>  nrofit  on    1         $4.13-f  $3.33  =  $/.46,  True  profit. 

shareThcin'terestonin-        f^^.f  =*t  7^  Vl      1   7'  P~**- 
8tallmenteof$lamonth        g^+i^^" J,i  =  ||? J-V WSI.V  I"     i 
for    36  mo.    is    equiv-        $42.71x28  =  $119o.88,W»tlidrawal  value. 

lent  to   the  interest  on"  37x36 

$1  for  i  X  (36-f  1)  X  36,  months,  which  equals  — -. —  ^,  =  $3.33,  in- 
terest; $18.50  profit,  minus  $3.33  interest,  equals  $15.17;  ^^%^  of 
$15.17  equals  $4.13;  $3.334-$4.13  =  $7.46,  the  true  profit;  $7.46,  k^ss 
10%,  withdrawal  discount,  equals  $6.71,  the  withdrawal  profit;  $364- 
$6.71  =  $42.71,  withdrawal  value  of  1  share,  which  multiplied  by  28 
gives  $1195.88,  the  withdrawal  value. 

Rule. — I.  Multiply  the  number  of  months  by  the  number 
of  months  increased  by  1  and  divide  by  4,  for  6%  interest 
on  the  payments^  and  deduct  this  from,  the  gross  profits. 

II.  Multiply  the  remaining  profits  by  the  present  value 
of  a  share  divided  by  200,  for  profits  from  premiums^  and 
add  this  to  the  interest  for  the  True  Profit.  Subtract  the 
withdrawal  discount  from  the  true  profit  for  the  vrithdrawal 
profit ;  and  add  the  payments^  for  the  withdrawal  valiLe  of 

a  share. 

Notes. — 1.  To  flnd  the  amount  due  the  association  by  a  borrowing 
member  on  withdrawing,  add  the  true  premium  to  the  vHthdrawal  tHdue 
of  a  share  J  and  subtract  t?^  result  j  less  all  arrearages  ^  from  the  par  vaiue, 

2.  Some  associations,  on  a  basis  of  10  years,  allow  ^  of  the  apparent 
or  gross  profit  for  each  expired  year ;  others  5  per  cent,  for  every  $10  of 
apparent  value,  or  a  percentage  of  the  profit,  or  a  rate  of  interest  on  the 
clues,  or  a  withdrawal  value  fixed  yearly. 

3.  In  the  lustallment  Plan,  these  rules  are  not  needed,  since  the  present 
talue  and  true  value  of  profits  and  shares  are  alike,  and  we  merely  svhtrcuA 
the  withdrawal  discount  from  the  true  profit ,  and  add  the  payments. 

2.  At  the  end  of  the  fifth  year  of  a  series  estimated  at 
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$110.70  full  value,  I  withdraw  20  shares,  withdrawal  dis- 
count 10%  ;  what  sum  do  I  realize?  Ans,  S1778.B6. 

3*  Mr.  Wrigley  subscribed  for  10  shares  Quaker  City  B 
A.,  fifth  series,  issued  July,  1872.     If  he  withdrew  from  the 
Association  in  May,  1879,  what  would  be  the  withdrawal 
value  of  his  stock,  discount  10%,  if  the  value  given  in  the 
Report  of  1878  should  be  $185.80  ?  Arts.  $1280.09. 

4.  Mr.  Smith  returns  a  loan  made  on  5  shares,  new  series, 
at  $58  premium,  and  withdraws  his  shares  at  the  end  of  the 
third  year,  withdrawal  discount  10%;  if  a  share  is  worth 
$56.20,  what  part  of  the  loan  will  he  return  to  the  Associa- 
tion ?  Arts.  $575.18. 

0.  The  Mutual  Loan  Association  sells  a  loan  at  28%  pre- 
mium on  20  shares  new  series  ;  after  3  years  and  4  months, 
the  loan  was  paid  and  the  shares  withdrawn,  withdrawal 
discount  10%  ;  what  balance  of  loan  was  due  by  the  rule, 
if  the  shares  were  given  at  $59  in  the  last  Report?  and 
what  by  Pennsylvania  law  ?       Ans.  $2251.84  ;  $2319.04. 

CASE  VII. 

040.  To  find  the  present  value  of  a  sliare  at  the 
close  of  any  period. 

1.  A  Building  Association  having  a  first  series  of  1490 
shares,  worth  at  the  end  of  the  1st  year  $13,448,  issues  at 
the  beginning  of  the  2d  year  a  second  series  of  1600  shares  ; 
the  receipts  of  the  year  on  both  series  are,  besides  dues, 
$8950  in  premiums,  $1225  in  interest,  $40.25  in  fines,  and 
$375  contingent  fund  for  current  expenses  ;  what  is  the  value 
of  the  shares  of  each  series  at  the  end  of  the  second  year  ? 

Solution. — The  operation. 

amount  of  the  dues  (1490-f  1600)  X  $12  =  $37,080,  Total  Dues, 

for  the  2d  year  on  $3950+$i225-h$40.25  =  $5215.25,  Gross  Profits, 

both  series  18  3090  $13.448X.0G  =  $0.80688,  Int.  on  1  sh.  Ist  Series. 

X  f  1^  =  $37,080  ;  $o.80688x  1490  =  $1202.2512,  Int.  on  1st  Series, 

the     gross    prohts  $5215.25— $1202.25  =  $4013,  Net  Profits, 

equal   tlie   sum   of  $37,0804-|1202.25  =  $38,282.25,  Active  Capital, 

the   premiums    in-  $40 13 ^$38,282.25  =  10.48%,  Rate  of  Profit. 

/" -^u'  •  *2roi  X  o^'  ($12-l-$0.806)  X  10.48  %  =$1,342,  Profit  on  1  sJi.  Ist. 

which  IS  $5215.2o;  $12x10.48%  =$1.2570,  Profit  on  1  sh.  2d  Series, 

the    interest  on    I  $13.448+ $0.806+$12+$1.342  =  $27.^^^,  A.^. 

Bhare  of  1st  series  $i2-|-$1.257=$U.2ol,  Aua. 
fur  the  2d  year  is 
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$.80688,  and  on  1490  shares  is  $1202.25;  and  tlie  net  profits  equal  gnisp 
profits,  $5215.25,  minus  interest,  $1202.25,  or  $4013,  which  is  to  be 
divided  among  the  diiierent  items  of  capital  contributed  during  the  jear, 
called  the  active  capital^  consisting  of  the  interest  on  the  previous  year's 
capital  and  the  dues  for  tlie  year;  the  interest  and  dues  equal  $38,282.25; 
dividing  the  net  profits  by  this  sum,  we  have  10.48%,  the  rate  of  profit; 
the  profit  on  1  share  of  Ist  series  equals  the  sum  of  interest  and  dues 
multiplied  by  the  rate,  or  $12,806x10.48%  =$1,342;  the  profit  on  1 
share  of  2d  series  ecjuals  the  dues  multiplied  by  the  rate,  or  $12x 
10.48%  =$1,257;  tlien  $13.448+$0.806-f$12+|1.342  =  $27,596,  is 
the  value  of  a  share  of  1st  series  at  the  end  of  the  2d  year,  and 
$r2-f-$1.257  =$13,257,  is  the  value  of  a  share  of  the  2d  series  at  the 
end  of  the  2d  year. 

Rule. — I.  Find  the  legal  interest  for  the  term  on  the 
values  of  the  old  series  at  the  beginning  of  the  term,  and 
deduct  this  from  the  profits  of  the  term,  for  the^  net  profit. 

II.  Divide  the  net  profit  by  the  sum  of  the  dues  for  the 
term  and  the  interest  on  the  previous  series,  to  find  the  rate 
per  cent,  of  profit. 

III.  Multiply  the  sum  of  the  interest  and  dues  for  the 
term  on  1  share  of  each  series  by  the  rate  per  cent  of  profit, 
to  find  the  profit  on  \  share. 

IV.  Add  the  previous  value  of  each  share,  the  legal  inter- 
est on  this  value,  the  dues  for  the  term,  and  the  profit  on  the 
share,  to  find  the  present  value  of  any  share  of  each  series. 

Note. — The  contingeiit  fund  does  not  enter  into  the  calculation,  as  it  is 
usually  assessed  separately  for  current  expenses. 

2.  At  the  beginning  of  the  second  year  of  a  Building  A 8 
Bociation,  it  has  a  1st  series  of  1350  shares,  worth  $14.32  a 
share,  and  issues  a  new  series  of  1500  shares ;  its  receipts 
for  the  year  on  both  series  are,  besides  the  dues,  $3*750  in 
premiums,  $1675  iu  interest,  $52.25  in  fines,  and  $350  con- 
tingent fund  ;  what  is  the  value  of  a  share  of  each  series  at 
the  end  of  the  2d  year  ?  Ans.  $28.t48 ;  $13,464. 

3.  At  the  beginning  of  the  3d  year  of  the  same  associt^ 
tion  a  new  series  of  1250  shares  is  issued;  the  receipts  for 
the  year  are,  besides  dues,  $51t5  in  premiums,  $1650  in  iii- 
terest,  $49.75  in  fines,  and  $525.50  for  contingent  fund ;  whax 
is  the  value  of  a  share  of  each  series  at  the  end  of  the  3d 
year?  Ans,  $43.34;  $27,081;  $12,758. 
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SECTION   XIII. 
PKOPEKTIES   OF   NUMBEKS. 

947.  The  Properties  of  Numbers  are  the  truths  or 
principles  which  relate  to  them. 

948.  The  Classification  of  Numbers  is  based  upon 
tiieir  different  peculiarities  or  properties. 

949.  All  Numbers  are  either  Integral  or  Fractional. 
This  division  is  made  with  reference  to  their  relation  to  the 
Unit, 

950.  All  Numbers  are  either  Abstract  or  Concrete. 
This  division  is  made  with  reference  to  their  application. 

951*  All  Numbers  are  either  Prime  or  Composite.  This 
division  is  made  with  respect  to  their  composition. 

95!3.  All  Numbers  are  either  Even  or  Odd.  This  divi- 
sion is  made  with  respect  to  their  being  or  not  being  a  mul- 
tiple of  2. 

953.  All  Numbers  are  either  Perfect  or  Imperfect. 
This  division  is  based  upon  their  relation  to  the  sjim  of  their 
divisors. 

954.  The  Properties  of  Numbers,  as  given  in  this 
work,  embrace  the  following  subjects: 

1.  Composite  Numbers. 

2.  Prime  Numbers. 

3.  Even  and  Odd  Numbers. 

4.  Perfect  and  Imperfect  Numbers. 

5.  Properties  of  the  Number  9. 

6.  Properties  of  the  Number  11. 
T.  Properties  of  the  Number  T. 

8.  Proof  by  Excess  of  9's  and  ll's. 

9.  Scales  of  Notation. 


1 .  A  divisor  of  two  numbers  is  a  divisor  of  their  «um 
and  also  of  their  difference  (Pnn.  4,  kt\..  VW^. 
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2.  A  divisor  of  one  of  two  numbers^  and  not  of  the  other, 
will  divide  neither  their  sum  nor  their  difference. 

For,  one  number  will  be  a  wliole  number  of  timen  the  divisor ^  and  the 
olher  a  mixed  numhtr  of  times  tiie  divisor,  and  consequentJy  neither 
their  sum  nor  their  difference  will  be  a  whole  number  of  times  the 
divisor,  since  neither  the  sum  nor  the  difference  of  an  integer  and 
mixed  number  can  be  an  integer. 

3.  A  number  which  is  not  a  divisor  of  either  of  two 
numbers  may  or  may  not  divide  their  sum  or  their  dif- 
ference. 

Any  two  such  numbers  will  equal  a  number  of  Vmves  the  assumed  number^ 
plus  certain  remainders.  Now,  if  the  sum  of  these  remainders  equals  the 
number,  the  sum  of  the  numbers  is  evidently  divipible  by  the  number;  and 
if  the  difference  of  these  remainders  is  zero,  the  difierence  of  the  numbers 
will  be  divisible  by  the  number.  In  all  other  cases,  neither  the  sum  noi 
difierence  of  the  numbers  in  divisible  by  the  number. 

COMPOSITE    NUMBERS. 

955.  A  Composite  Number  is  one  which  can  be  pro- 
duced by  multiplying  together  two  or  more  numbers,  each 
of  which  is  greater  than  a  unit. 

956.  The  Principles  of  composite  numbers  are  the 
truths  which  state  their  relation  to  their  factors.  These 
principles  enable  us  to  determine  their  factors  or  diTisors. 

PRINCrPLES. 

1.  A  number  is  divisible  by  2  when  the  right  hand  term 
is  zero  or  an  even  digit. 

If  the  right  hand  digit  is  zero,  the  number  equals  a  number  of  tens; 
and,  since  10  is  divisible  by  2,  any  number  of  tens  is  divisible  by  2. 

Any  number  may  be  separated  into  two  parts — a  multiple  of  ten  plus 
the  right  hand  digit  —  and  when  the  right  hand  digit  is  divisible  by  2, 
both  of  these  parts  are  divisible  by  2,  hence  their  sum,  which  is  the 
number  itself,  is  divisible  by  2  (Prin.  1,  Art.  954). 

2.  A  number  is  divisible  by  3  when  the  sum  cf  its  digits 

is  divisible  by  3. 

In  Prin.  8,  it  will  be  shown  that  every  number  consists  of  a  multiple 
of  9,  plus  the  sum  of  its  digits;  hence  since  a  multiple  of  9  is  divisible 
by  3,  when  the  sum  of  the  digits  is  divisible  by  3,  the  number  itself  is 
divisible  by  3. 

3.  A  number  is  divisible  by  4  when  the  two  right  hand 
terms  are  ciphers,  or  when  they  express  a  number  which 
is  divisible  by  4. 

//  the  two  right  hand  teTitiB  are  c\v\a^x^,  ^^^^  wacw^sfcx  «»^\c^^Tv\ns^Gtf^ 
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of  kundredSf  and  since  100  is  divisible  by  4,  any  number  of  hundreds  ia 
divisible  by  4. 

Any  number  may  be  separated  into  two  parts — a  number  of  hundreds, 
plus  the  number  expressed  by  the  two  right  hand  digits  (thus  1232  ^  12004- 
32)  ;  and  when  the  number  express^  by  the  two  right  hand  digits  is 
divisible  by  4,  both  of  the  parts  are  divisible  by  4,  hence  their  sum, 
which  is  the  number  itself,  is  divisible  by  4  (Prin.  1,  Art.  954). 

4.  A  number  is  divisible  by  5  when  its  right  hand  term  is 
0  or  6. 

If  the  right  hand  term  is  0,  the  number  is  a  number  of  times  10,  and 
since  10  is  divisible  by  5,  the  number  itself  is  divisible  by  5. 

If  the  right  hand  term  is  5,  the  entire  number  will  consist  of  a  number 
of  tens  plus  5,  and  since  both  of  these  are  divisible  by  5,  their  sum, 
which  is  the  number  itself,  is  divisible  by  5. 

5.  A  number  is  divisible  by  6  when  it  is  even,  and  the 
sum  of  the  digits  is  divisible  by  3. 

Since  the  number  is  even  it  is  divisible  by  2,  and  since  the  sum  of  the 
digits  is  divisible  by  3,  the  number  is  divisible  by  3,  and  since  it  contains 
both  2  and  3,  it  will  contain  their  product  3x2,  or  6  (Prin.  3,  Art.  165). 

6.  A  number  is  divisible  by  T  when  the  sum  of  the  odd 
numerical  periods  minv^  the  sum  of  the  even  numerical 
periods  is  divisible  by  T. 

Take  any  number,  as  7936367225.  This  can  be  resolved,  as  shown 
below,  into  a  multiple  of  7,  plus  the  difference  between  the  sums  of  the 
odd  numerical  periods  and  the  even  numerical  periods.  For  1001  is  a 
multiple  of  7,  999999  is  999  times  1001,  1000000001  is  also  a  multiple 
of  1001,  and  carrying  out  the  number  to  higher  periods,  we  shall  con- 
tinue to  have  multiples  of  1001,  alternately  1  more  and  1  less  than  the 
number  represented  by  the  unit  of  the  period.  In  the  same  way  it  maj 
be  shown  that  any  number  is  equal  to  a  multiple  of  7  plus  the  difference 
between  the  odd  and  even  numerical  periods;  hence  when  the  difference 
between  those  periods  is  divisible  by  7,  the*  number  is  divisible  by  7. 

!225  +225 

367000=  367  X  (1001— 1)=  367  X     1001-367 
936000000  =  936X  (999999-f-l)=  936x999999+936 
7000000000=7  X  ( 1 000000001  — 1  )=7  X 1000000001  -7 

7  X 1000000001+936X  999999+367  X 1001—7+936—367+225 
T.  A  number  is  divisible  by  8  when  the  three  right  hand 
terms  are  ciphers,  or  when  the  number  expressed  by  them 
is  divisible  by  8. 

If  the  three  right  hand  terms  are  ciphers,  the  number  equals  a  num- 
ber of  thousands,  and  since  1000  is  divisible  by  8,  any  number  of  thou- 
sands is  divisible  by  8. 

A  number  may  be  resolved  into  a  number  of  ihxyusands  plus  the  number 
expressed  by  the  three  right  hand  dibits  (thus  17368  =  170004-368); 
and  when  both  of  these  parts  are  divisible  by  8,  their  sum^  whiciv  >*^kA 
number  itself,  is  divisible  by  8. 
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8.  A  number  is  divisible  by  9  when  the  sum  of  the  digits 

is  divisible  by  9. 

Take  any  number,  J     7=  7 

88  567.  This  can  be  567  =  ^  60=6X  10=6X(  94-l)=6x  9-|-6 
resolved,  as  shown  in  ( 500  =5x  100=5 X(99-fl)=5x99-f-5 

M  +  6  x'g')  +  (5 +^6  '**'  =  ^^ ^^+^>^ 9+5+6+7 

•|-7),  the  first  part  of 

which  is  divisible  by  9,  and  the  other  part  is  the  sum  of  the  digits.  In 
the  same  way  it  may  be  shown  that  any  number  is  equal  to  a  muUipU 
of  9  plus  the  sum  of  the  digits;  hence,  when  the  sum  of  the  digits  is 
divisible  by  9,  the  number  is  divisible  by  9. 

9.  A  number  is  divisible  by  10  when  the  unit  figure  is  0. 

For,  such  a  number  equals  a  number  of  tenSy  and  any  number  of  tens 
is  divisible  by  10,  hence  the  number  is  divisible  by  10. 

10.  Any  number  is  divisible  by  11,  when  the  difference 
between  the  sums  of  the  digits  in  the  odd  places  and  in  the 
even  places  is  divisible  by  11,  or  when  this  difference  is  0. 

Take  any  num-  f       S  =  8 

ber,  as  4928.    This  aqoa-^  J      20  r=  2 X     (11-1)=     22—2 

can  be  resolved,  as  *^^^— ^    900  =  9x     (99-j-l)=   891-f9 

shown  in  the  mar-  l4000  =  4x(1001—l)=  4004—4 

f/ n!"t''Jd£!  ^^^  =  22+891+4004+(8+9)-{2+4) 

enee  between  the  mm 

of  the  digits  in  the  odd  places  and  the  even  places.  In  the  same  way  it  may 
be  shown  that  any  nurnber  equals  a  multiple  of  lljpltis  the  difference  between 
the  sums  of  the  digits  in  the  odd  and  even  places ;  hence,  when  the  differ- 
ence between  these  sums  is  divisible  by  11,  or  is  0,  the  number  is  divisi- 
ble by  11. 

11.  A  number  is  divisible   by  12  when  the  sum  of  the 

digits  is  divisible  by  3  and  the  number  expressed  by  the  two 

right  hand  digits  is  divisible  by  4. 

For,  since  the  sum  of  the  digits  is  divisible  by  3,  the  number  is  diyis- 
ible  by  3,  and  since  the  number  expressed  by  the  two  right  hand  digits 
is  divisible  by  4,  the  number  is  divisible  by  4;  hence,  since  the  number 
is  divisible  by  both  3  and  4,  it  is  divisible  by  their  product,  or  12. 

Note. — In  a  similar  manner  we  can  find  conditions  of  divisibility  by  14. 
15,  16,  18,  etc.  It  will  be  an  interesting  exercise  for  the  pupils  to  8tat« 
luch  conditions.    The  subject,  however,  is  more  theoretical  than  practicaL 

KXAMFI^ES   FOR   PRACTICE. 

Name  some  of  the  divisors  of  the  followiDg  numbers: 


1.  24324. 

2.  768Y2. 
3«  534258. 


4.  23151 

5.  210070. 

6.  536148. 


7.  40884. 

8.  47222. 

9.  2479e& 
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PRIME    NUMBERS. 

957.  A  Prime  Number  is  a  number  that  cannot  be 
produced  by  multiplying  two  or  more  numbers  together, 
each  of  which  is  greater  than  a  unit. 

958.  The  Principles  of  prime  numbers  are  the  truths 
which  enable  us  to  determine  primes. 

FxeuTcrpiiES. 

1.  A  prime  number  has  no  integral  divisor  except  itself 
and  unity. 

For,  if  it  had,  it  would  be  the  product  of  two  numbers,  each  greater 
than  unity,  and  hence  would  not  be  a  prime  number. 

2.  Every  prime  number  except  2  is  an  odd  number. 

For,  if  it  is  not  odd  it  is  even,  but  if  even  it  is  divisible  by  2,  and 
hence  not  prime ;  therefore  any  prime  number  except  2  must  be  odd. 

3.  I%e  rigid  hand  term  of  every  prime  number ,  except  '2 
and  5,  must  be  1,  3,  T,  or  9. 

For,  if  the  right  hand  term  is  even,  the  number  is  divisible  by  2,  and 
if  it  is  5  or  0,  it  is  divisible  by  5,  in  both  of  which  cases  it  is  not  prime. 

L  If  a  number  has  no  integral  divisor  not  exceeding  its 
square  root^  it  is  a  prime  number. 

For,  if  a  number  has  no  divisor  less  than  its  square  root,  it  cannot  have 
one  greater  than  its  square  root,  since  if  it  had,  the  quotient  would  be  a 
divisor,  and  it  would  thus  have  a  divisor  less  than  its  square  root. 

6.  Every  prime  number  greater  than  2  is  a  multiple  of 

4,  plus  1,  or  minus  1. 

For,  if  we  diWde  a  prime  number  by  4,  the  remainder  may  be  either 
1,  2,  or  3 ;  hence  a  prime  number  equals  a  number  of  times  4,+!,  or 
+2,  or  4-3.  But  a  number  of  times  4,  +2  is  divisible  by  2,  and  hence 
is  not  prime;  therefore  every  prime  number  must  be  a  number  of  times  4, 
+1,  or  a  number  of  times  4,4-3.  But  a  number  of  times  4,4-3  is  also  a 
number  of  tim>es  4, — 1. 

6.  Every  prime  number  greater  than  3  is  a  multiple  of 
6,  plus  or  minus  1. 

If  we  diride  a  prime  number  by  6,  the  remainder  must  be  either  1,  t, 
3,  4,  or  5 ;  but  the  remainder  cannot  be  2,  3,  or  4,  for  then  the  prime 
number  would  equal  o  number  of  times  6,4-2,  or  a  number  of  times  6,4-3, 
or  a  number  of  tim^  6,-|-4,  the  second  of  which  is  divisible  by  3,  and  the 
others  by  2;  hence  the  remainder  must  be  1  or  5,  and  consequently  every 
prime  number  equals  a  number  of  times  6,-|-l,  or  a  number  of  times  6, — 1. 

Y.  Every  prime  number  greater  than  5  is  a  multiple  of  8> 
plus  I  or  Sf  or  minus  1  or  3. 
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The  demonstratioti  id  similar  to  that  of  Prin.  6.  Let  the  |iiip.'l 
prove  it. 

Note. — Every  prime  number  is  comprehended  in  one  or  another  of  the 
above  propositions,  although  the  converse  proposition,  that  every  number 
in  one  of  those  forms  is  prime,  is  not  true. 

EXAMFIjES    FOH    FRACTZCS. 

Show  that  these  principles  are  true  with  the  foUowiug 
primes : 


1.  11. 

2.  97. 

3.  163 


4.  257. 

5.  839. 

6.  3209. 


FINDING  PRIME  NUMBERS. 

959.  A  General  Method  of  determining  prime  niunbers 
beyond  a  certain  limit,  has  not  yet  been  discovered,  although 
much  time  has  been  spent  in  the  investigation. 

900«  The  method  commonly  used  consists  in  writing  a 
scries  of  numbers  and  sifting  out  those  which  are  composite, 
the  remaining  numbers  being  prime. 

CASE  I. 

901«  To  find  all  the  prime  numbers  from  1  up  to  any 
limit. 

1.  Find  the  prime  numbers  below  100. 

Method. — Since  all  the  prime  numbers  except  2  are  odd  (Prin.  2.), 
we  write  the  series  of  oc^d  numbers  thus : 

3  8^  3.7  6       8  S      &7 

1,  3,  5,  7,  9,  11,   13,  15,  17,  19,  21,  23,  25,  27,  29,  31,  33,  35,  37, 

8  3.5  7       3  5       8  8.7       6  S 

39,  41,  43,  45,  47,  49,  51,  53,  55,  57,  59,  61,  63,  65,  67,  69,  71,  73. 

<.5     7  3  53  7358 

/5,  77,  79,  81,  83,  85,  87,  89,  91,  93,  95,  97,  99. 

Now,  since  this  series  increases  by  2,  the  third  term  from  3is  3-|-3x2, 
which  is  divisible  by  3,  hence  every  third  term  after  3  is  divisible  by  3, 
and  is  therefore  composite  We  will  therefore  place  the  figure  3  over 
every  third  term.  We  see,  by  a  similar  course  of  reasoning,  that  every 
fifth  term  after  5  is  divisible  by  5,  and  is  therefore  composite ;  and  wiU 
therefore  place  the  figure  5  over  every  5th  number.  Proceeding  in  the 
same  manner  with  7,  the  numbers  unmarked,  together  with  the  number 
2.  will  be  the  prime  numbers  below  100.  Hence  all  the  prime  numbers 
below  100  are  1,  2,  3,  5,  7, 11,  13,  etc.,  to  97. 

Note. — This  method  of  finding  prime  numbers  originated  with  Eratos 
thenes,  a  Greek  mathematician.    He  inscribed  the  series  of  odd  numben 
upon  parchment,  and  then  cut  out  the  composite  numbers,  leaving  the 
primes.    The  parchment  with  its  holes  resembled  a  iieve;  hence  the  method 
was  called  Eratosthenes^  sieve. 
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EZAMFLSS    FOR   FZ2ACTZCS. 

2.  Fiud  all  the  primes  from  1  up  to  127. 

3.  Find  all  the  primes  from  1  up  to  181. 

4.  Find  all  the  primes  below  800. 

5.  Find  all  the  primes  between  300  aud  400. 

CASS  U. 
90!3«  To  ascertain  if  a  given  number  is  prime. 

Rule. — I.  Search  for  the  number  in  the  table,  if  contained 
within  its  limits ;  if  it  is  found  there  it  is  prime,  if  not,  it  is 
composite. 

II.  Divide  the  number  by  the  successive  primes;  if  an 
exact  divisor  is  found,  the  number  is  composite ;  if  we 
continue  the  ditris-ion  uniil  the  quotient  is  less  than  the  divisor 
without  finding  an  exact  divisor,  the  number  is  prime. 

NoTB. — The  jToMtf  of  Prime  Numben  wfll  be  found  on  the  foUowing 
page. 

EZAMFLSS  FOR  FHACTICE. 

Determine  which  of  the  following  numbers  are  prime  : 
1.  273.  6.  3413. 


2.  649. 
8.  2671. 
4.  3063. 


6.  3853. 

7.  4001. 

8.  4049. 


Notes. — 1.  Several  remarkable  formulas  have  been  discovered,  which 
contain  many  prime  numbers.  Thus,  the  formula  x'^-\-x-\A\,  by  makiug 
successively  x  =  0, 1,  2,  3,  4,  etc.,  will  give  the  series  41,  43,  47,  63,  61,  71, 
etc.,  the  first  forty  terms  of  which  are  prime  numbers.  This  formula  if 
mentioned  by  Euler. 

2.  The  formula  x*-|-af-(-17  gives  seventeen  of  its  first  terms  prime ;  and  the 
formula  2z^-{-29  gives  twenty-nine  of  its  first  terms  prime.  Fermat  asserted 
that  the  formula  ^^-\-\  is  always  a  prime  when  m  is  taken  any  term  in  the 
seiies  1,  2,  4,  8,  16,  etc.:  but  Euler  found  that  2»-|-l)  which  equals  641 X 
6700417,  is  not  a  prime. 

3.  One  of  the  most  celebrated  theorems  for  investigating  primes  is  that 
discovered  by  Fermat,  known  as  Fermai*»  Theorem.  This  formula  may  be 
stated  thus:  If  p  be  a  prime  number,  the  (j>  —  1)**  power  of  every  number 
prime  to  p  will,  when  diminished  by  imity,  be  exactly  divisible  by  p.  Thua 
25*—  1  is  exactly  divisible  by  7.  For  a  fuller  discussion  of  the  subject,  set 
the  author's  Philosophy  of  Arithmtlie. 
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TABLE  OP  PRIME  NUMBERS. 

9G3.  A  Table  of  Prime  Numbers  ia  a  list  of  the  prime 

numbers  from  1  up  to  any  given  limit 

904.  The  following  table   contains  the  prime  numbers 
from  1  up  to  3407. 

TABLE   OF   PRIMES. 


1 

173  409! 639  941 

1223 

1511 

1811 

2129 

2423 

274r 

3079 

2 

179  419  661  947 

1229 

1523 

1823 

2131 

2437 

2749 

3083 

3 

ISl  421:673  953 

1231 

1531 

1831 

2137 

2441 

2753 

3089 

6 

191 1431 1677!  967 

1237 

1543 

1847 

2141 

2447 

2767 

3109 

7 

193  433  683 

971 

1249 

1549 

1861 

2143 

2459 

2777 

3119 

11 

197 

439 1 691 

977 

1259 

1553 

1867 

2153 

2467 

2789 

3121 

13 

199  443 1 701 

983 

1277 

1559 

1871 

2161 

2473 

2791 

'3137 

17 

211 

449 ' 709 

991 

1279 

1567 

1873 

2179 

2477 

2797 

3163 

19 

223 

457  719 

997 

1283 

1571 

1877 

2203 

2503 

2801 

3167 

23 

227 

461 

727 

1009 

1289 

1579 

1879 

2207 

2521 

2803 

3169 

29 

229 

463 

733 

1013 

1291 

1583 

1889 

2213 

2531 

2819 

3181 

31 

233 

467 

739 

1019 

1297 

1597 

1901 

2221 

2539 

2833 

3187, 

37 

239 

479 

743 

1021 

1301 

1601 

1907 

2237 

2543 

2837 

3191 

41 

241 

487 

751 

1031 

1303 

1607 

1913 

2239 

2549 

2843 

3203 

43 

251 

491 

757 

1033 

1307 

1609 

1931 

2243 

2551 

2851 

3209 

47 

257 

499 

761 

1039 

1319 

1613 

1933 

2251 

2557 

2867 

3217 

53 

263 

503 

769 

1049 

1321 

1619 

1949 

2267 

2579 

2861 

3221 

59 

269 

509 

773 

1051 

1327 

1621 

1951 

2269 

2591 

2879 

3229 

61 

271 

521 

787 

1061 

1361 

1627 

1973 

2271 

2593 

2887 

3251 

67 

277 

523 

797 

1063 

1367 

1637 

1979 

2283 

2609 

2897 

3253 

71 

281 

541 

809 

1069 

1373 

1657 

1987 

2287 

2617 

2903 

3267 

73 

283 

547 

811 

1087 

1331 

1663 

1993 

2293 

2621 

2909 

3269 

79 

293 

557 

821 

1091 

1399 

1667 

1997 

2297 

2633 

2917 

3271 

83 

307 

563 

823 

1093 

1409 

1669 

1999 

2309 

2647 

2927 

3299 

89 

311 

569 

827 

1097 

1423 

1693 

2003 

2311 

2657 

2939 

3301 

97 

313 

571 

829 

1103 

1427 

1697 

2011 

2333 

2659 

2953 

3307 

101 

317 

577 

839 

1109 

1429 

1699 

2017 

2339 

2663 

2957 

3313 

103 

331 

587 

853 

1117 

1433 

1709 

2027 

2341 

2671 

2963 

3319 

107 

337 

593 

857 

1123 

1439 

1721 

2029 

2347 

2677 

2969 

3323 

109 

347 

599  859 

1129 

1447 

1723 

2039  2351 

2683 

2971 

3329 

113 

349 

601  863 

1151 

1451 

1733 

2053 

2357 

2687 

2999 

3331 

127 

353 

607 

877 

1153 

1453 

1741 

2063 

2371 

2689 

3001 

3343 

131 

359 

6131831 

1163 

1459 

1747 

2069 

2377 

2693 

3011 

3347 

137 

367 

617  883 

1171 

1471 

1753 

2081 

2381 

2699 

3019 

3369 

139 

373 

619  887 

1181 

1481 

1759 

2033 

2383 

2707 

3023 

3361 

149 

379 

631 

907 

1187 

1483 

1777 

2087 

2389 

2711 

3037 

3371 

151 

383 

641 

911 

1193 

1487 

1783 

2089 

2393 

2713 

3041 

3373 

157 

389 

643 

919 

1201 

1489 

1787 

2099 

2399 

2719 

3049 

3389 

163 

397 

647 

929 

1213 

1493 

1789 

2111 

2411 

2729 

3061 

3391 

167 1 401 

653 

937 

1217 

1499 

1801 

2113 

2417 

2731 

3067 

3407 
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EVEN  AND   ODD  NUMBERS. 

965.  An  Even  Number  is  oue  that  is  exactly  divisible 
by  2  ;  as,  2,  4,  6,  etc. 

900.  An  Odd  Number  is  oae  that  is  not  exactly  divisi* 
ble  by  2;  as,  1,  3,  5,  T,  etc. 

907.  The  Even  Numbers  are  divided  into  the  oddly 
even  numbers,  as  2,  6,  10,  14,  etc.,  and  the  evenly  ever 
D ambers,  as  4,  8,  12,  16,  etc. 

968.  The  Odd  Numbers  are  divided  into  the  evenly  odd 
numbers,  as  1,  5,  9,  13,  etc.,  and  the  oddly  odd  numbers,  as 
3,  T,  11,  15,  etc. 

Note. — The  form  of  an  even  number  is  2»t/  the  form  of  an  odd  number 
is  2n-\-lj  in  which  n  represents  any  integer.  In  the  evenly  even  number$,  n 
fin  2n)  is  even;  in  the  oddly  even  number* ^  n  is  odd.  In  the  evenly  odd,  n 
(In  2n-f-l)  is  even  ;  in  the  oddly  odd,  n  is  odd. 


1.  Every  even  number  equals  a  number  op  2's,  and  every 

odd  number  equals  a  number  of  2's,  plus  1. 

For,  since  an  even  number  is  divisible  by  2,  it  is  evidently  equal  to  a 
number  of  2^8 ;  and  since  an  odd  number  is  not  exactly  divisible  by  2, 
there  will  be  a  remainder  of  1 ;  hence  an  odd  number  equals  a  number 
of  2's,  plus  1. 

2.  The  sum  or  difference  of  two  even  numbers  is  even. 

For,  since  both  numbers  equal  a  number  of  2's,  their  sum  is  a  number 
of  2*8  plus  another  number  of  2'8,  which  equals  a  number  of  2^8;  hence  the 
sum  is  an  even  number.  Their  difference  equals  a  number  of  2' 8  minus  an- 
other  number  of  2^8,  which  equals  a  numb^  of  2*8;  hence  their  difference 
is  an  even  number.  ' 

3.  The  sum  or  difference  of  two  odd  numbers  is  even. 

For,  each  number  equals  a  number  of  2*8,+ 1,  hence  their  sum  equals  a 
number  of  2'8,-|-2,  or  an  exact  number  of  2*8;  hence  their  sum  is  even 
Their  difference  equals  an  exact  number  of  2*8;  hence  their  difference  is 
even.    ■■'■'''':■■  >    '        •.  '.      *   ■ 

4.  The  sum  or  difference  of  an.  even  number  and  an  odd 
member  is  odd. 

For,  the  even. number  equals  a  number  of  2*8,  and  the  odd  number  equal? 
k  number  of  2*8,+! ;  hence  their  8um  and  difference  wUl  equal  SinundteroJ 
2's,-|-l,  and  be  an  odd  number. 

5.  Tlie  product  of  two  even  numbers  is  an  even  number. 

For,  since  both  of  them  contain  the  factor  2,  their  product  will  cot\3t».w 
the  factor  2,  and  therefore  be  even. 
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6.    T?ie  product  of  two  odd  numbers  is  an  odd  number. 

For,  Hince  neither  of  them  contains  the  factor  2,  their  product  will  not 
contain  the  factor  2,  and  will  therefore  be  odd, 

Y.  The  product  of  an  even  and  an  odd  number  is  an  even 
number. 

For,  since  one  of  the  numbers  contains  the  factor  2,  the  product  of  the 
two  iiuml>er8  will  contain  the  factor  2,  and  will  therefore  be  even, 

8.  If  an  even  number  is  exactly  divisible  by  an  odd  num- 
ber,  the  quotient  will  be  even. 

For,  the  divisor  multiplied  by  the  quotient  eqaals  the  dividend,  hence 
when  the  dividend  is  even  and  the  divisor  ocW,  the  quotient  must  be 
even,  since  an  odd  number  multiplied  by  an  even  number  will  give  an 
even  number, 

9.  If  an  odd  number  is  exactly  divisible  by  an  odd  num* 
ber,  the  quotient  is  odd. 

For,  since  an  odd  number  must  be  multiplied  by  uc  odd  number  to 
produce  an  odd  number,  the  quotient  must  be  odd  that  the  product  of  it 
and  the  divisor  may  equal  the  odd  dividend. 

10.  If  an  even  number  is  exactly  divisible  by  an  even 
number,  the  quotient  may  be  even  or  odd. 

For,  an  even  number  multiplied  by  either  an  even  or  an  odd  number 
will  produce  an  even  number,  hence  the  quotient  may  be  even  or  odd, 

11.  An  odd  number  is  not  exactly  divisible  by  an  even 

number f  and  the  remainder  is  odd. 

Since  an  even  number  multiplied  by  no  integral  number  will  produce 
an  odd  number,  an  odd  numbe»*  is  not  exactly  divisible  by  an  even  num- 
ber. The  remainder  is  odd,  since  it  is  the  difference  between  an  odd 
number  and  an  even  number. 

12.  If  an  even  number  is  not  exactly  divisible  by  another 

even  number,  the  remainder  is  even. 

For,  the  remainder  will  be  the  difference  between  the  dividend  and  a 
number  of  times  the  divisor,  that  is,  the  difference  between  two  even 
numbers,  which  is  even. 

13.  If  an  even  number  is  not  exactly  divisible  by  an  odd 
number,  then  when  the  quotient  is  even  the  remainder  is 
even,  and  when  the  quotient  is  odd  the  remainder  is  odd. 

14.  If  an  odd  number  is  not  exactly  divisible  by  an  odd 
number,  then  when  the  quotient  is  odd  the  remainder  is  even, 
and  when  the  quotient  is  even  the  remainder  is  odd 

NoTB. — Let  the  pupil  be  required  to  demonstrate  the  last  two  principles 
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PERFECT  AND   IMPERFECT  NUMBERS. 

909.  A  Perfect  Number  is  one  which  is  equal  to  the 
sum  of  all  its  divisors  except  itself;  thus,  6=l-f  2+3;  28= 
l  +  2  +  4+t  +  14. 

970.  An  Imperfect  Number  is  one  which  is  not  equal 
to  the  sum  of  all  its  divisors;  Imperfect  Numl3ers  are  Abun- 
dant or  Defective, 

971.  An  Abundant  Number  is  one  the  sum  of  whose 
divisors  exceeds  the  number  itself;  as,  18  <  1  +  2  +  3  + 6  + 9. 

97^.  A  Defective  Number  is  one  the  sum  of  whose 
divisors  is  less  than  the  number  itself;  as,  16>l  +  2+4  +  8. 

973*  Two  numbers  are  called  Amicable  Number.%  when 

each  is  equal  to  the  sum  of  the  divisors  of  the  other;  thus, 

284  and  220. 

Notes. — I.  Every  number  of  the  form  (2»-^)(2'» — 1),  the  latter  factoi 
being  a  prime  number,  is  a  perfect  number.  The  difficulty  in  finding  per 
feet  numbers  consists  in  finding  primes  of  the  form  of  2'* — 1,  which  is  ver} 
laborious.  Substituting  2  for  n  in  the  formula  just  given,  we  have  2X 
(22— l)=e,  the  fii-st  perfect  number;  the  second  is  22 x (23— 1)=  28. 

2.  The  following  are  the  first  eight  perfect  numbers :  6,  28,  496,  8128 
33550336,  8589869056,  137438691328,  2305843008139952128.  It  wiU  be  no 
ticed  that  each  number  ends  in  6  or  28. 

3.  The  formulas  for  finding  amicable  numbers  are  A  =  3»»+  ^  d  and  B=  2'»+i  6c, 
in  which  n  is  an  integer  and  &,  c,  and  d  are  prime  numbers  satisfying  the 
following  conditions: 

Ist,  6  =  3X2n— 1;  2d,  c  — 6X2'»— 1;  3d,  d=18X22n— 1. 
If  we  make  n  =  1  we  find  6  =  5,  c=  11,  d  =  71  ;  substituting  these  in  the 
above  formulas,  we  have  J.  =  4X71  =  284,  and  i/  =  4x5Xll  =  220,  the  first 
pair  of  amicable  numbers.   The  next  two  pairs  are  17296,  18416,  and  936358, 
9437056. 

4.  Figurate  Numbers  are  formed  from  an  arithmetical  progression  whose 
first  term  is  unity,  and  common  difference  integral,  by  taking  successively 
ijie  sum  of  the  first  two,  the  first  three,  the  first  four,  etc.,  terms ;  and  then 
forming  in  the  same  manner  another  series  i'rom  the  one  just  obtained  and 
t')  on.    For  a  discussion  of  Figurate  Numbers,  see  Philosophy  of  Arithmetir 

TIXAMT^UBS    FOH    PRACTICE. 

1.  Find  the  third  perfect  number  by  the  formula  (y?=5). 

2.  Find  the  fourth  perfect  number  by  the  formula  (w=7) 
8.  Show  that  496  and  8128  are  perfect  numbers. 

4.  Find  the  second  pair  of  amicable  numbers  (n=3;. 

5.  Show  that  220  and  284  are  amicable  numbers. 

6.  Show  that  17296  and  18416  are  amicable  nw\xiVi^^^. 
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PROPERTIES   OF   THE   NUMBER   9. 

974.  The  Properties  of  the  Number  Nine  are  the 

truths  growing  out  of  its  relation  to  the  decimal  scale. 

975*  These  properties  are  presented  in  the  following 
principles: 

1.  A  number  divided  by  9  leaves  the  same  remainder  a* 
the  sum  of  the  digits  divided  by  9. 

Takeanvnum-  C       4=                                                            4 

ber,  as  G8o4,  and  z.o-4__j       50=5X     10=5X     (9-|-l)=5x     9-1-0 

analyze  it   as  in  ^»^^— ^     800=8X   100=8X   (994-l)=8x  99+8 

the  margin,  and  (,  6000=6X  1000=6X  (999+l)=6x  999+ 6 

s'ist^oVtwIp^^^^^  _Multipleof9,__^    Sumofthedigif. 

t^Lt   part  a         .'.  6854=5x9+8x99+6x999  +  4+5+8+6 

mvUipU  of  9  and 

tlie  second  part  the  sum  of  the  digits.  Now  the  first  part  is  divisihle  by 
9,  hence  the  only  remainder  that  can  arise  by  dividing  by  9,  must 
arise  from  dividing  the  sum  of  the  digits.     Therefore,  etc. 

2.  A  number  is  exactly  divisible  by  9  when  the  sum  of  its 
digits  is  divisible  by  9. 

3.  The  difference  between  any  number  and  the  sum,  of  its 
digits  is  divisible  by  9. 

4.  A  number  divided  by  9  will  leave  the  same  remainder 
if  the  order  of  the  figures  is  changed. 

5.  The  difference  between  two  numbers^  the  sums  of  whose 
digits  are  equals  is  exactly  divisible  by  9. 

Note. — Pupils  should  be  required  to  show  how  the  last  four  principlei 
are  derived  from  the  first. 

bxamflje:s  for  practice. 

1.  Illustrate  Principles  1,  2,  3,  and  4,  with  8t03;  with 
31685. 

2.  Illustrate  Prin.  6  with  the  numbers  3671  and  6264. 

3.  If  I  invert  the  digits  of  74  and  subtract  the  resulting 
number  47  from  74,  the  sum  of  the  digits  of  the  remainder 
will  equal  9  ;  explain  it. 

4.  Prove  that  this  is  true  of  any  other  number  of  two  in- 
tegral digits  in  which  the  difference  is  a  number  expressed 
by  two  digits. 
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EXCESS    OF   9'8. 

970.  The  Ezcess  of  9's  in  a  number  is  the  remainder 
after  dividing  it  by  9.     It  is  found  by  the  following  rule : 

Rule. — Add  the  digits,  dropping  9  from  the  sum  when 
this  equals  or  exceeds  9,  and  thus  continue  with  the  excess. 

Thus,  to  find  the  excess  of  Q's  in  6789,  begin  at  the  left  and  say  **6 
and  7  are  13,  excess  4  and  8  are  12,  excess  3  and  9  are  12,  ezcess  3.'' 

Find  the  excess  of  9's  in 


1.  5680638.  Ans,  0. 

2.  30615284.         Ans,  8. 


8.  75638216.         Ans.  2. 
4.  4196t2586.       Ans,  3. 


PROPERTIES   OF   THE   NUMBER   11. 

977.  The  Number  11  has  also  some  peculiar  properties 
which  are  presented  in  the  following 


1.  Every  number  is  a  multiple  o/  11,  plus  the  sum  of  the 
digits  in  the  odd  places,  minus  the  sum  of  the  digits  in  the 
even  places. 

Take  any  (          S=                                    +8 

number,  as  70--=    7x(ll— 1)=      77—7 

65478,  and  65478= -{       400=    4x(99+l)=    396+4 

analyzeitas  I     5000  =  5x  (1001— 1)=  5005—5 

in  the  mar-  {  60000  =  6X (9999+1)=  59994+6 

gin,  and  we  Multiple  of  ll.            Digits  la  odd  plaoea.  Dlglto  In  even  placf. 

^iste^  of    77+396+5005+59994+     8+4+6     -'  7+6 

two  parts,  the  first  a  multiple  of  11,  and  the  second  the  sum  of  the 
digits  in  the  odd  places  minus  the  sum  of  the  digits  in  the  even  places. 

2.  A  number  is  exactly  divisible  by  11  when  the  sum  of 
the  digits  in  the  odd  places  is  equal  to  the  sum  of  the  digits 
in  the  even  places. 

3.  A  number  is  exactly  divisible  by  11  when  the  differ^ 
ence  between  the  sums  of  the  digits  in  the  odd  places  and  the 
even  places  is  a  multiple  of  11. 

4.  A  number  increased  by  the  sum  of  the  digits  in  the 
even  places  and  diminished  by  the  sum  of  the  digits  in  the 
odd  places,  is  exactly  divisible  by  11, 

6.  The  excess  of  IVs  in  any  number  is  not  changed  by 
adding  any  multiple  of  11  to  the  sum  of  the  digits  of  eitKtx 
order, 

SO 
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EXCESS  OF  irs. 
978.  The  Excess  of  11 'S  in  a  number  is  the  remaiudev 
after  dividing  it  by  11.     It  may  be  found  as  follows : 

Rule. — Subti'act  the  term  on  the  left  from  the  next  term 

on  the  rights  the  remainder  from  the  next^  and  thus  continu& 

with  all  the  terms,  adding  II  to  each  minuend  when  li.-is  than 

the  subtrahend. 

Thus,  take  the  number  24658  and  subtract  as  directed,  and  the  series 
of  remainders  will  be  4—2,  6—4+2,  5—6+4—2,  8— 5+6— 4+2  =  (8+ 
6+2)— (5+4),  which  we  see  ecjuals  the  sum  of  the  digits  in  the  odd 

S laces  minus  the  sum  of  the  digits  in  the  even  places.  These  remain- 
ers  can  be  reduced  as  we  proceed,  remembering  to  add  11  to  any 
minuend  when  it  is  less  than  the  subtrahend,  which  will  not  affect  the 
excess.     (Prin.  5.) 

1.  Find  the  excess  of  IPs  in  273849. 

Solution. — 2  from  7  leaves  5,  3+11  are  14,  5  from  14  leaves  9,  8+ 
11  are  19,  9  from  19  leaves  10,  4+11  are  15, 10  from  15  leaves  5, 6  from 
9  leaves  4  ;  hence  the  excess  is  4. 


Find  the  excess  of  ll's  in 

2.  37210856.    Ans,   1. 

3.  73285673.  Ans,  10. 


4.  25738564.         Ans.  5 
o.  472153869.       Ans.  0. 


PROPERTIES   OF   THE   NUMBER   7. 

979«  The  Number  Seven  has  also  some  peculiar  prop- 
erties, which  are   presented  in  the  following 

FHI1TCIFL.ES. 

1.  Every  number  is  a  multiple  of  7,  plus  the  sum  of  the 
numbers  formed  by  taking  its  double  numerical  periods. 

Take  any  number,  as  694o391657,  and  analyze  it,  as  below,  and  we  see 
that  it  consists  of  two  parts,  the  first  a  multiple  of  7,  since  999999  is  a 
multiple  of  7,  and  the  second  the  sums  of  the  numbers  expressed  by  the 
double  periods ;  and  this,  it  will  be  readily  seen,  is  general. 

6945391657-  /  391657-  391657 

oy^o^yioo/—^  6945 X  (999999+1)  =  6945x999999+6945 

Multiple  of  7  Sum  of  periods. 

6945x^9999  +  6945+391657 

2.  A  number  divided  by  7  gives  the  same  remainder  as 
the  sum  of  its  double  numerical  periods  divided  by  7. 

3.  A  number  is  exactly  divisible  by  7,  when  the  sum  ofth€ 
numbers  expressed  by  its  double  numerical  periods  is  divi^i^ 
ble  by  7. 
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980.  There  is  another  interesting  property  of  the  num^ 
her  seveUj  which  is  derived  in  a  similar  manner. 


1.  Every  number  in  a  multiple  of  T,  plus  the  sum  of  the 
odd  numerical  periods^  minus  the  sum  of  the  even  numeri- 
ical  periods. 

lake  any  (  657=  +6o7 

number,    as  «q.cqqia^7— J  391x(1001— 1)=        55913x7—391 

6945391657,  ^y^^^^y^oo/— -q       ^^^^  (999999+1)=! 34999865x7+ 945 

and  analyze  L  6x(  1000000001— l)=857142858x 7— _6 

it,  as  in  the     (857142858+134999865+55913)  X  7+945+657—391—6 
margin,  and 

we  see  that 

it  consists  of  two  parts ;  the  first  is  a  multiple  of  7  and  the  second  the 

difierence  between  the  sums  of  the  odd  and  the  even  numerical  periods. 

2.  A  number  is  exactly  divisible  by  T  when  the  sum  of 
the  odd  numerical  periods  is  equal  to  the  sum  uf  the  even 
numerical  periods. 

3.  A  number  is  exactly  divisible  by  T  when  the  difference 
between  the  sums  of  the  odd  periods  and  the  even  pei*iods 
is  divisible  by  7. 

4.  A  number  increased  by  the  sum  of  the  even  numerical 
periods  and  diminished  by  the  sum  of  the  odd  periods,  is 
exactly  divisible  by  7. 

Note. — Other  laws  are  given  In  the  Philosophy  of  Arithmetic, 

PROOF  OF  THE  FUNDAMENTAL  RULES 

BY   CASTING   OUT   NINES   OR   ELEVENS. 

981.  The  Fundamental  Eules  may  be  proved  bv  the 
excess  of  9's  and  IPs. 

PROOF  t)F  ADDITION. 

982.  The  Proof  of  Addition  by  casting  out  9's  is  based 
upon  the  following  principle: 

Prin.  The  excess  of  9*8  in  the  sum  of  two  or  more  num- 
bers is  equal  to  the  excess  of  9'«  in  the  sum  of  the  excesses 
of  those  numbers. 

Each  number  equals  a  multiple  of  9,  -^  the  excess ;   hence  their  sum 
will  equal  a  multiple  of  9,  -\^  the  sum  of  the  excesses;   consec^uently  the 
excess  of  9'a  in  the  sum  of  the  excesses,  will  equal  the  excess  vdl  IXna  '^ssks. 
of  the  numbers. 
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Note. — To  prove  by  excess  of  ll's,  proceed  as  in  proving  by  excesfi  ol 
9*6.    Pupils  may  be  required  to  test  each  problem  by  11  also. 

!•  Find  the  sum  of  275,  463,  aud  907,  and  prove  the  work. 

OPERATION. 

Solution. — The  excess  of  9'8  in  275  is  5,  in  463  275  excess  6 

18  4,  in  907  is  7,  and  the  excess  in  the  sum  of  these  ^^       u      ^ 

excesses  is  7.    The  excess  in  the  sum  is  also  7 ;  qq^       «      y 

hence  the  worlt  is  correct.  -TTrr^  — 

1d4o  excess  7 

Bole. — I.  Find  the  excess  of  9'«  in  each  number,  then  the 
excess  in  the  sum  of  these  excesses,  and  then  the  excess  in 
the  sum  of  the  numbers. 

II.  If  the  work  is  correct,  the  last  two  excesses  will  be 

equal. 

Notes. — 1.  We  need  not  write  the  excess  of  each  number,  but  can  pass 
from  one  number  to  another  and  write  the  last  excess.  We  can  also  add 
In  columns  for  excess,  as  well  as  in  rows. 

2.  This  method  fails  when  the  digits  are  misplaced,  or  when  one  digit  is 
as  much  too  great  as  another  is  too  small. 

Add  and  prove  the  following: 

2.  6573+8325  +  5641  +  4319+3978  +  6807. 

8.  5432  +  6431  +  27944  +  56352+78698. 

4.  46932+79876  +  85432  +  65436+57697. 

5.  443367  +  637389  +  457934+697989+609687. 

PROOF  OF  SUBTRACTION. 

983.  The  Proof  of  Subtraction  by  casting  out  9'8  is 
based  upon  the  following  principle: 

Prin.    The  excess  of  ^^s  in  the  minuend  equals  the  excess 

of  9's  in  the  sum  of  the  excesses  of  the  subtrahend  and 

remainder 

This  is  evident  from  the  principle  in  the  previous  case,  since  thp 
minuend  equals  the  sum  of  the  subtrahend  and  remainder. 

1.  Subtract  2562  from  4625,  and  prove  the  work. 

Solution. — The  excess  of  9's  in   the  minuend  operation. 

is  8,  in  the  subtrahend  6,  in  the  remainder  2,  and  4625  excess  8 

the  excess  in  the  sura  of  the  excesses  of  the  subtra-  2562       "       6 

hend  and  remainder  is  2+6,  or  8,  the  same  as  the  — 

excess  of  the  minuend;  hence  the  work  is  correct.  ^voo  excess  2 

Rule. — I.  Find  the  excess  of  9'«  in  each  of  the  three 
terms,  and  the  excess  in  the  sum  of  the  excesses  of  the  sub- 
trahend and  remainder. 
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II.  If  the  work  is  correct^  the  last  excess  will  equal  the 
excess  in  the  minuend. 

Subtract  and  prove  the  following : 


2.  4736—2431. 

3.  57973—44667. 

4.  98793—47867. 


6.  233461—87563. 

6.  446561—345612. 

7.  876543—625781. 


PROOF  OF  MULTIPLICATION. 

984.  The  Proof  of  Multiplication  by  casting  out  9'8 
is  based  upon  the  following  principle : 

Prin*  The  excess  of  9*«  in  the  product  of  two  numbers 
equals  the  excess  of  9*s  in  the  product  of  the  excesses  of 
those  numbers. 

Each  number  is  a  multiple  of  9,  plus  its  excess,  hence  the  product 
will  be  a  multiple  of  9,  plus  the  product  of  the  excesses,  and  the  excess 
in  thLs  product  of  excesses  will  therefore  evidently  be  the  excess  in  the 
product  of  the  two  numbers. 

I.  Multiply  346  by  68. 

OPERATION. 

Solution. — The  excess  in  the  multipli-        343  excess  4 
cand  is  4,  in  the  multiplier  5,  and  in  the  gg      «      5 

product  of  these  excesses  2.     The  excess      ^n^  on 

in  the  product  is  also  2 ;  hence  the  work  is    ^.^^5  excess  2. 

correct.     .  ^^76 

23528  excess  2. 

Rule. — I.  Find  the  excess  of  9*s  in  the  multiplier  and 

multiplicand,  the  excess  in  the  product  of  these  excesses,  and 

also  the  excess  in  the  product  of  the  numbers, 

II.  If  the  work  is  correct,  the  last  two  excesses  will  be 
equal. 

Multiply  and  prove  the  following: 


5.  68735x5642. 

6.  79636x4876. 

7.  387981x3578. 


2.  6563x736. 

3.  4918x875. 

4.  15978x6353. 

PROOF  OF  DIVISION. 

985.  The  Proof  of  Division  by  casting  out  9'8  is  based 
upon  the  following  principle : 

Prin.  The  excess  of  9's  in  the  dividend  equals  the  product 
of  the  excesses  in  the  divisor  and  quotient,  plus  the  exce^A 
m  the  remainder. 
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For  D=dXg-\-r,  Now  the  excess  of  9*8  in  the  product  dXq  equals 
the  excess  in  the  product  of  the  excesses  of  these  terms  (Prin.  Art.  984) ; 
and  the  excess  in  this  product  plus  the  excess  in  r  must  equal  theexoeas 
in  the  dividend.     (Prin.  Art.  982.) 

I.  Divide  2443  by  56  and  prove  the  result. 
Solution. — The   excess    in  operation. 

the  divisor  is  2;  in  the  quotient        56)2443(43  excess  in  d,  2 

7 ;  m  qxd  It  IS  the  excess  m  2  224  excess  in  J  7 

X  7  or  14,  which  is  o ;  m  r,  8 ;  -— ..                    -           j  ^ 

in  oXd-f-r  it  is  tlie  excess  in  203  excess  in  qxd,  5 

5+8,  or  13,  wliich  is  4 ;  and  in  ^^  ^^cess  in  r,  8 

the  dividend  it  is  4  ;  hence  the  35  excess  in  qy,d-\-ry  4 

work  is  correct.  excess  in  i),  4 

Rule. — 1.  Find  the  excess  of  9's  in  the  divisor  and  quo- 
tientj  the  excess  in  the  product  of  these  excesses,  the  excess 
in  the  remainder,  then  the  excess  in  the  sum  of  the  last  two 
excesses,  and  then  the  excess  in  the  dividend. 

II.  If  the  work  is  correct,  the  last  two  excesses  will  he 
equal. 

Divide  and  prove  the  following : 


2.  6734^371. 

3.  59453-H276. 

4.  679432^-4833. 


5.  793742-^4242. 

6.  8746391-T-3792. 

7.  93949598-i-249801. 


SCALES   OF  NOTATION. 

986.  The  Scale  of  a  system  of  notation  is  the  law  of 
relation  between  its  successive  orders  of  units. 

987.  The  Radix  of  the  scale  is  the  number  which  ex- 
presses the  relation  of  the  successive  orders. 

Any  number  might  have  been  taken  as  the  basis  of  the  scale  of  No- 
tation. The  use  of  ten,  the  basis  of  the  decimal  scale,  originated  from 
the  counting  of  the  fingers  of  the  two  hands,  which  was  the  primitive 
method  of  calculation. 

OSS.  A  scale  whose  radix  is  two  is  called  Binary ;  three, 

Ternary;  four,  Quaternary;  five,  Quinary ;  six,  Senary; 
seven,  Septenary;  eight,  Octary;  nine.  Nonary  ;  ten,  Denary ; 
twelve.  Duodenary  or  Duodecimal,  etc. 

fISO.  In  expressing  a  number  in  any  one  of  these  scales, 
there  must  be  as  many  significant  characters  as  there  are 
units  11  the  basis  of  the  scale,  less  1.     Thus  in  the  decimal 
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Bcale  there  are  9,  in  the  octary  t,  in  the  quinary  4,  etc.     In 
each  the  zero,  0,  is  used  to  fill  vacant  places. 

il90*  In  expressing  numbers  in  scales  higher  than  the 
decimal,  it  is  necessary  to  introduce  some  new  characters ; 
thus  ^  may  stand  for  ten,  and  n  for  eleven. 

In  order  to  use  any  scale  of  notation  with  facility,  the  names  of  num- 
bers should  also  be  based  on  the  same  scale.  Thus,  in  the  quinary  scale 
we  should  count  one,  twOf  three,  foiWy  five,  one  and  five,  two  and  five,  etc., 
to  two  fiiveSy  and  then  two  fives  and  one,  two  fives  and  two,  etc. 

Not  having  these  names,  we  may  read  by  powers  of  the  radix.  Thus, 
4234  in  the  quinary  scale  may  be  read,  four  6's  cvhed,  two  5*«  squared, 
three  b's  and  4  units.  The  scale  in  which  a  number  is  expressed  may  be 
indicated  by  writing  the  radix  as  a  subscript. 

CASB  I. 
091.  To  pass  from  any  scale  to  the  decimal  scale. 

1.  2432^  is  a  number  in  the  quinary  scale;  express  the 
same  number  in  the  decimal  scale. 

Solution. — The  given  number  consists  of  2  OTies,  operation. 

3  fives,  4  fives  squared,  and  2  fwes  cubed.     Two  fives  cubed  5  s  v>  2  =s  250 

equal  two  hundred  and  fifty ;  4  fives  squared  equal  one  5 2  y  4  __.  iqq 

hundred ;  3  fives  equal  fifteen ;   2  ones  equal  2  ones ;  5  v  3  =   15 

the  sum  of  all  is  three  hundred  and  sixty-seven,  which  j   v^  2  ^     2 

expressed  in  the  decimal  scale  is  367.  -— - 

367 

Change  each  of  the  following  to  the  decimal  scale: 

2.  32045;  60358 ;  21032^;  2534«.  Ans.  429;  3101,  etc. 

3.  IOIIOI2;  7850369;  37$208ii ;  20n6$38i2. 

^ns.  45;  469509;  599200;  6211916. 

CASE  II. 

992m  To  pass  from  the  deeimaZ  scale  to  any  other 
scale. 

1.  45789  is  a  number  in  the  decimal  scale;  express  the 
same  number  in  the  quinary  scale. 

OPERATION. 

Solution. — To  express  any  number  in  the  quinary  5)45789 

•rcale,  we  ascertain  how  many  fives,  how  many  jms  qi-"j./i 

squared^  how  many  fives  cuhed,  etc.,  the  number  con-  '_:        il 

tains.    Dividing  by  five,  we  ascertain  the  number  of  5)  1831+2 

fives  and  units;  dividing  the  number  of  5's  by  5,  we  ^\     366+1 

ascertain  the  number  of  5's  squared;   dividing  these  70X1 

by  5,  we  ascertain  the  number  of  5'8  cubed,  etc.    In  o)       i6-\-l 

this  manner  we  find  45789  equals  4  ones,  2  fives,  1  five  5)      14+3 

sqwired,  1  five  cubed,  etc.,  which  written  in  the  quinatY  ^S-^ 
scale  Kives  2431124.. 
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2.  Express  3478  aad  79437  ia  the  octary  scale. 

Ans,  66268  ;  233115g. 
S.  Express  54321  and  33787  in  the  senary  scale. 

Ana.  656253e;  420231 ,. 
4.  Express  67893  and  59466  in  the  duodecimal  scale. 

Ans.  33359 12;  2*4n6i2 

CASE  III. 

il93«   To  pass  from  one  sctUe  to  anotfiei;   neither 
being  tlie  decimal  scale. 

1.  3464g  is  a  niiinber  in  the  octary  scale;    express  the 
same  number  in  the  quinary  scale. 

OPERATION. 

Solution. — Rerncinbcring  tliat  the  given  number  5)3464 

is  in  the  scale  of  eight,  and  dividing  successively  tut a-J_>i 

by  5,  we   find  the   number   contains  4  cmeg,  3  Jivea,  o)  5o0-4-4 

^  fives  squared,  4  fives  cubed,  and  2  fives  fourth  powers  6)  1114-3 

which,  expressed  in  the  quinary  scale,  gives  the  num-  cC     iffilLq 

ber  24334,.  — ^! 

24334^,  Ans. 

Note. — In  making  the  division,  it  must  be  remembered  that  the  number 
divided  Is  in  the  octary  scale,  and  hence  any  remainder,  instead  of  t>eing 
80  many  tens,  is  so  many  eights. 

2.  Reduce  2433^  and  IOIII2  to  the  quaternary  scale. 

Ans.  32022^;  11 84. 
8.  Reduce  157 742 ^  and  34581^1  to  the  ternary  scale. 

Ans.  42212111028',  2II2III2OO3. 
4.  Reduce  30321 4  and  45324  ^  to  the  nonary  scale. 

Ans.  III69;  8677^. 
CASE   IV. 

004.  To  perform  arithmetical  operations  on  nt#5n. 
bers  in  any  scale. 

1.  Add  23678,  50628,  750648-  Ans.  1045358. 

2.  Subtract  754)8ni2  from  *28n6j2.  Ana.  28*27ia 
8.  Multiply  54*8,2  by  3n7i2.                     Ans.  1953768i2. 

4.  Divide  1953768i2-by  3n7i2.  Ans.  54*8i2. 

5.  Extract  the  square  root  of  115301 12.  Ans.  347i2. 

6.  Add  23124,  48245,  54341g,  373468,  24>49ni2. 

Ans.  2436258. 

Note. — For  a  fuller  discussion  of  this  subject,  see  I^ilosopky  af  Ariih. 
9utie. 
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SECTION   XIV. 
M.ENSURATION. 

995*  Mensuration  treats  of  the  moasuremeDt  of  geo- 
metrical magnitudes. 

996.  Geometrical  Magnitudes  consist  of  the  Line, 

Surface,  Volume,  and  Angle. 

997.  A  Line  is  that  which  has  length  without  breadth 
or  thickness.     Lines  are  either  straight  or  curved. 

998.  A  Straight  line  is  one  that  has  the  same  direc- 
tion at  every  point. 

999*  A  Curved  Line  is  one  that  changes  its  direction 
at  every  point.  The  word  line  used  alone  means  a  straight 
line. 

1000.  Parallel  Lines  are  those  which  have  the  same 
direction.     Parallel  lines,  it  is  thus  seen,  will  never  meet. 

1001.  One  line  is  said  to  be  perpendicular  to  another 
when  the  adjacent  angles  formed  by  the  two  lines  are  equa' 

100!3«  An  Angle  is  the  opening  between  two  lines 
which  diverge  from  a  common  point. 

1003.  A   Right  Angle   is   an  angle     ^ 
formed     by    one     line    perpendicular     to 
another ;  as,  ABC. 


1004.  An  Acute  Angle  is  an  angle 
less    than    a    right    angle;     as,    DEF. 

An  Obtuse  Angle  is  one  larger  than  a     g ^- f 

right  angle ;  as,  DEG. 

MENSURATION   OF   SURFACES. 

1005.  A  Surface  is  that  which  has  length  and  breadth 
without  thickness.     Surfaces  are  plane  or  curved. 

1006.  A  Plane  Surface  is  a  surface  such  that  if  any 
two  of  its  points  be  joined  by  a  straight  line,  every  i3ac\<i^ 
that  line  will  lie  in  the  surface. 
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1007.  A  Plane  Figure  is  a  plane  surface  bounded  by 
lines  either  straight  or  curved. 

1008.  A  Polygon  is  a  figure  bounded  a 
by  straight  lines;  as,  ABODE.     A  Poly- 
gon of  three  sides  is  called  a  Triangle^  of      e 
four  sides,  a  Quadrilateral,  etc. 

1009.  A  Diagonal  of  a  polygon  is  a  do 
line  joining  the  vertices  of  two  angles  not  consecutive. 

1010.  The  Perimeter  of  a  polygon  is  the  sum  of  its 

sides. 

lOil.  The  Area  of  a  plane  figure  is  the  number  of 

square  units  in  its  surface. 

Note. — The  principles  of  mensuration  are  derived  from  geometry  ;  it  is 
customary  to  give  their  application  to  practical  purposes  in  arithmetic. 


THE  TRIANGLE. 

1012.  A  Triangle  is  a  polygon  of 
tkree  sides  and  three  angles ;  as,  ABC. 

1013.  The  Base  is  the  side  upon  which 
it  seems  to  stand  ;  as,  AB.  The  Altitude 
is  a  line  perpendicular  to  the  base,  drawn 
from  the  angle  opposite  ;  as,  CD. 

1014.  A  Right-Angled  Triangle  is  a  triangle  which 
has  one  right  angle ;  when  one  angle  is  obtuse,  it  is  called 
obtuse-angled ;  when  all  the  angles  are  acute,  it  is  called 
acute-angled. 

1015.  An  Equilateral  Triangle  is  a  triangle  which  has 
*ts  three  sides  equal ;  when  two  sides  are  equal  it  is  called 
isosceles ;  when  its  sides  are  unequal  it  is  called  scalene. 

Rule. —  To  find  the  area  of  a  triangle ,  multiply  the  base 
by  one-half  of  the  altitude. 

Vote. — If  the  three  sides  are  given  and  not  the  altitude,  take  half  tfie 
turn  of  the  sides,  subtract  from  it  each  side  separately,  multiply  the  half  vam 
mid  these  remainders  together,  and  take  the  square  root  of  the  product. 

1.  The  base  of  a  triangle  is  25  feet  and  the  altitude  16 
feet ;  what  is  the  area  ?  Jns.  200  sq.  ft. 
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2.  The  base  of  a  triangular  lot  is  370  yards  and  the  alti- 
tude is  915  feet ;  how  many  acres  does  it  contain  ? 

Ans.  11.658+  acres. 

3.  It  requires  252  square  feet  of  boards  to  cover  the  gables 
of  a  house,  and  the  height  is  10  feet  6  inches  ;  what  is  the 
base  ?  Ans.  24  feet. 

4.  The  three  sides  of  a  field  are  56  rods,  72  rods,  and  98 
rods  respectively  ;  what  is  the  area?   Ans.  12  A.  70.28  P. 

5.  The  perimeter  of  a  piece  of  land  in  the  form  of  an 
equilateral  triangle  is  624  rods  ;  what  is  the  area  ? 

Ans,  117  A.  13.861  P. 

THE    QUADRILATERAL. 

i016.  A  Quadrilateral  is  a  polygon  having  four  sides 
and  therefore  four  angles.  There  are  three  classes,  the 
parallelogram  J  trapezoid^  and  trapezium, 

1017.  A  Parallelogram  is  a  quadrilateral  whose  oppo- 
siter  sides  are  parallel.  The  altitude  is  the  perpendicular 
distance  between  its  opposite  sides. 

1018.  A  parallelogram  which  is  right- 
angled  is  called  a  Rectangle.  When  the  four 
sides  are  equal  it  is  called  a  Square. 

1019.  An  oblique-angled  parallelogram 
is  called  a  Rhomboid.  An  equilateral 
rhomboid  is  called  a  Rhombus. 

Rule. —  To  find  the  area  of  a  parallelogram,  multiply  the 
ba.'ie  by  the  altitude. 

1.  What  is  the  area  of  a  parallelogram  whose  base  is  35 
feet  and  altitude  15  feet?  Ans.  525  sq.  ft. 

2.  What  is  the  altitude  of  a  rhomboid  whose  base  is  63 
inches  and  area  3087  sq.  in  ?  Ans.  49  inches. 

3.  What  is  the  difference  in  the  area  of  two  farms,  one 
being  520  rd.  long  and  65  rd.  wide,  and  the  other  95  chains 
long  and  45  chains  wide  ?  Ans.  216  A.  40  P. 

4.  A  carpenter  had  a  plank  20  inches  wide,  from  which 
he  wished  to  saw  ofi"  10  square  feet;  what  will  be  the  length 
of  the  piece  sawed  ofi"?  A^^.  ^"^^ 
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10I30.  A  Trapezoid  is  a  quadrilateral 
which  has  two  of  its  sides  parallel.  Its 
altitude  is  the  perpendicular  distance  be- 
tween its  parallel  sides. 

Rule. —  To  find  the  area  of  a  trapezoid^  multiply  one- 
half  the  sum  of  the  parallel  sides  by  the  altitude, 

1.  Required  the  area  of  a  trapezoidal  garden,  one  side 
52  ft.,  the  other  75  ft.,  and  altitude  40  ft    Ans.  2540  sq.  ft. 

2.  What  is  the  surface  of  a  plank  18  in.  wide  at  one  end, 
25  in.  at  the  other,  and  16  ft.  long  ?  Ans.  28f  sq.  ft. 

3.  Owing  to  the  irregularity  of  the  streets,  a  house  lot 
measured  42  ft.  front,  and  only  33  ft.  back ;  its  depth  was  50 
ft. ;  what  were  the  contents  of  the  lot  ?     Ans.  18t5  sq.  ft. 

4.  There  are  two  fields,  one  a  rectangle  56  feet  long  and 
42  feet  wide,  and  the  other  a  trapezoid,  one  side  being  80 
feet  and  the  other  88  feet,  and  the  altitude  28  feet ;  what  is 
the  difference  in  their  areas  ?  Ans.  They  are  equal. 

i02i.  A  Trapezium  is  a  quadrilat- 
eral which  has  none  of  its  sides  parallel. 
A  diagonal,  AB,  divides  the  trapezium 
into  two  triangles. 

Rule. —  To  find  the  area  of  a  trapezium^  divide  the  trape^ 
zium  into  two  triangles  by  a  diagonal,  find  the  area  of  each 
triangle,  and  take  the  sum. 

1.  Required  the  area  of  a  trapezium,  whose  diagonal 
measures  156  ft.,  and  the  altitudes  of  the  two  triangles  are 
45  and  54  feet  respectively.  Ans,  T722sq.  ft. 

2.  The  diagonal  of  a  tract  of  land  in  the  form  of  a  trape- 
zium measures  75  chains,  and  the  length  of  the  sides  are  35, 
50,  70,  and  85  chains  respectively;  what  is  the  area? 

Ans.  322  A.  109.328  P. 

REGULAE  AND  IRREGULAR  POLYGONS. 

1022.  A  Regular  Polygon  is  one  whose  sides  and 
angles  are  respectively  equal. 
Rule  I. —  To  find  the  area  of  a  regular  polygon,  multiply 


MENSURATION    OP    SURFACES. 


477 


half  the  perimeter  by  the  perpendicular  let  fall  from  the 
centre  on  one  of  the  sides. 

Rule  II. — Square  the  side  of  the  polygon,  and  multiply 
by  the  tabular  area  set  opposite  the  polygon. 


TABLE   OF   AREAS. 


Triangle    . 

.  0.4330127 

Octagon 

.       .  4.8284271 

Square 

.  1.0000000 

Nonagoii 

.       .  6.1818242 

Pentagon  . 

.  1.7204774 

Decagon 

.       .  7.6942088 

Hexagon    . 

.       .  2.5980762 

Undecagon . 

.       .  9.3656404 

Heptagon  .^ 

.       .  3.6339124 

Dodecagon . 

11.1961524 

1.  What  is  the  area  of  a  regular  hexagon,  whose  side  is 
12  feet  and  perpendicular  10.39  feet?     Ans.  3t4.04  sq.  ft. 

2.  What  is  the  area  of  a  regular  pentagon,  whose  side  is 
15  feet?  Ans.  38t.l07  +  sq.  ft. 

3.  A  gentleman  has  an  octagonal  summer  house,  the  side 
of  which  measures  9  feet ;  how  much  ground  does  it  cover  ? 

Ans,  391.102  sq.  ft. 
10!33«  Rule. —  To  find  the  area  of  an  irregular  polygon, 
draw  diagonals  dividing  the  polygon  into  triangles,  find  the 
area  of  these  triangles,  and  lake  their  sum. 

1.  What  is  the  area  of  an  irregular  pentagon,  whose  diag- 
onals are  125  and  130  inches,  and  the  perpendiculars  on  the 
first  diagonal  are  20  inches  and  35.7  inches,  and  on  the 
second  20  inches?  Ans.  4781.25  sq.  in. 

2.  In  a  hexagonal  field,  the  tirst  side  is  42  chains,  the 
second  35,  the  third  27,  the  fourth  37,  the  fifth  35,  the  sixth 
32 ;  the  diagonal  from  the  first  angle  to  the  third  is  49,  from 
the  first  to  the  fourth  40,  from  the  first  to  the  fifth  45 ;  what  is 
the  area  ?  Ans.  251A.  134.368?. 

THE   CIECLE. 

10!^«  A  Circle  is  a  plane  figure  bounded 
by  a  curved  line,  every  point  of  which  is 
equally  distant  from  a  point  within  called  the 
dentre. 

JOI^.  The  curved  line  is  called  the  cir- 
cumference,  and  a  line  passing  through  the  centre  and  end- 
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ing  in  the  circumfereDce  is  the  diameter^  as  AB.       Ualf  the 
diameter  is  called  the  radius^  as  BC  or  CD. 

1026.  An  Arc  is  any  part  of  the  circumference,  as  AD 
or  BD. 

1027.  A  Chord  is  a  straight  line  joining  the  extremities 
of  an  arc,  as  AD. 

1028.  A  Segment  is  a  portion  of  the  circle  included 
between  an  arc  and  its  chord,  as  AED. 

1029.  A  Sector  is  a  portion  of  the  circle  included  by  hn 
arc  and  the  radii  drawn  to  its  extremities,  as  DCB. 

Rule* —  To  find  the  circumference  of  a  circle,  multiply 
the  diameter  6 1/  3.1416. 

1.  What  is  the  circumference  of  a  flower-bed  whose  diam 
eter  is  36  inches  ?  Ans.  113.0976  inches. 

2.  If  the  diameter  of  the  earth  is  7912  miles,  what  is  its 
circumference?  Ans,  24856.339+  miles. 

3.  Which  requires  the  most  fence,  a  circular  field  35  rods 
in  diameter,  or  a  square  one  whose  side  is  14  rods? 

Ans.  The  latter,  8.876  rods. 

1030.  Rule. —  To  find  the  diameter  of  a  circle,  multiply 
the  circumference  62/  .3183. 

1.  A  carriage  wheel  is  7  feet  in  circumference ;  what  is  its 
diameter  ?  Ans,  2.2281  feet. 

2.  A  circular  park  is  3  miles  in  circumference ;  what  is  its 
diameter  ?  Ans.  .9549  miles. 

1031.  Rule  I. —  The  area  of  a  circle  equals  the  circum^ 
ference  multiplied  by  one-fourth  of  the  diameter,  or  the 
square  of  the  circumference  multiplied  by  .07958. 

Rule  II. —  The  area  of  a  circle  equals  the  square  of  the 

radius  multiplied  by  3.1416,  or  the  square  of  the  diameter 

multiplied  by  .785398. 
Note. — The  area  will  vary  slightly,  for  the  different  rules. 

1 .  The  diameter  of  a  circle  is  16  and  circumference  50.2656  • 
what  is  the  area?  Ans,  201.0624. 

2.  The  circumference  of  a  circular  pond  is  144  feet;  what 
is  its  area  ?  Ans.  1650.17  sq.  ft. 
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8.  If  a  cow  is  fastened  by  a  chain  10  feet  long  to  a  stake 
in  a  field,  how  large  an  area  will  be  within  her  reach  ? 

Ans.  314.16  sq.  ft. 
4.  There  is  a  circular  park  240  rods  in  diameter,  and  within 
it  a  private  garden,  also  circular,  110  rods  in  diameter;  how 
much  of  the  park  is  open  to  the  public  ? 

Ans,  223  A.  55.609  V 

103IS.  A  square  is  inscribed  in  a  circle  when 
the  vertex  of  each  of  its  angles  is  in  the  circum- 
ference. 

Rule. —  To  find  the  side  of  an  inscribed  square,  multiply 
the  diameter  by  .70710.6,  or  multiply  the  circumference  by 
.225079. 

1.  The  end  of  a  round  stick  of  timber  is  3  feet  in  diame- 
ter ;  what  will  be  the  side  of  the  largest  square  stick  that  can 
be  hewn  from  it?  Ans.  2.124- ft. 

2.  The  circumference  of  a  circular  garden  is  320  feet ;  what 
is  the  area  of  the  largest  square  garden  that  can  be  inclosed 
in  it?  Ans,  5187.6  sq.  ft. 

THE    ELLIPSE. 

J033.  An    Ellipse   is  a  plane  figure  c 

bounded  by  a  curved  line,  the  sum  of  the 
distances  from  every  point  of  which  to  ^ 
two  fixed  points  is  eqfual  to  the  line  drawn 
through  these  points  and  terminated  by 
wne  curve.  The  two  fixed  points  are 
called /oci";  the  line  through  the  foci  is  the  transverse  axis, 
and  a  line  perpendicular  to  this  passing  through  the  centre 
and  terminated  by  the  curve,  is  the  conjugate  axis. 

Rule. —  To  find  the  area  of  an  ellipse,  we  multiply  the 
semi-axes  together,  and  that  product  by  3.1416. 

1.  Required  the  area  of  an  elliptical  mirror  whose  length 
is  7  feet  and  breadth  3.5  feet.  Ans,  19.2423  sq.  ft. 

2.  The  axes  of  an  ellipse  are  100  inches  and  60   iiieW%\ 
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what  is  the  dificrcnce  in  9,rea  between  the  ellipse  and  a 
circle  having  a  diameter  equal  to  the  conjugate  axis  ? 

Ans,  1884.96  sq.  in. 

MENSURATION   OF   VOLUMES. 

1034.  A  Volume  is  that  which  has  length,  breadth,  and 
thickness.  Yolumes  include  the  Prism,  the  Pyramid,  the 
Cylinder,  the  Cone,  the  Sphere,  etc. 

THE   PRISM. 

1035.  A  Prism  is  a  volume  whose  ends  are 
equal  polygons  and  whose  sides  are  parallelo- 
grams. 

1036.  The  polygons  are  called  bases,  the  par- 
allelograms form  the  convex  surface,  and  the 
prism  takes  its  name  from  the  form  of  its  bases. 

1037.  The  Parallelopipedon  is  a  prism  whose  bases 
are  parallelograms.  A  Cube  is  a  parallelopipedon  all  of 
whose  sides  are  squares. 

Rnle. —  To  find  the  convex  surface  of  a  prism,  multiply 
the  perimeter  of  the  base  by  the  height. 
Note. — To  find  the  entire  surface  we  add  the  area  of  the  bases. 

1.  What  is  the  convex  surface  of  a  triangular  prism,  the 
sides  of  whose  base  are  10,  12,  and  18  inches  respectively, 
and  its  height  25  inches  ?  Ans.  1000  sq.  in. 

2.  What  is  the  convex  surface  of  a  parallelopipedon,  the 
sides  of  whose  base  are  12  and  15  inches,  and  the  height  42 
inches  ?  Ans.  2268  sq.  in. 

3.  What  is  the  entire  surface  of  a  regular  hexagonal  prism, 
one  side  of  the  base  being  25  inches,  and  the  height  32 
inches?  Ans.  804t.594-f  sq.  in. 

1038.  Rule. —  To  find  the  contents  of  a  prism,  multiply 
the  area  of  the  base  by  the  altitude  of  the  prism. 

1.  Required  the  contents  of  a  triangular  prism,  the  sides 
of  the  base  being  12,  12,  and  9  inches,  and  the  height  36 
inches.  Ans.  1802.124  cu.  in. 

2.  What  are  the  contents  of  a  parallelopipedon,  the  side 
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of  whose  base  is  11    inches,  the  altitude  of  the  base  13 
inches,  and  altitude  of  prism  25  inches?     Ans,  5525  cu.  in. 

3.  Required  the  contents  of  a  pentagonal  prism,  the  side 
of  the  base  being  20  inches  and  the  altitude  of  the  prism  beiug 
IG  inches.  Ans,  31656.784-fcu.  inches. 

THE    PYRAMID. 

1039.  A  Pyramid  is  a  volume  bounded  by  a 
polygon  and  several  triangles  meeting  in  a  com- 
mon point.  The  polygon  is  called  the  base,  and  the 
triangles  form  the  convex  surface. 

1040.  The  point  at  the  top  is  called  the  vertex, 
the  distance  from  the  vertex  to  the  base  is  the  alti- 
tude J.  and  from  the  vertex  to  the  middle  of  a  side  is  the 
slant  height. 

Rule. —  To  find  the  convex  surface  of  a  pyramid,  multi- 
ply the  perimeter  of  the  base  by  one-half  of  the  slant  height. 

1.  What  is  the  convex  surface  of  a  triangular  pyramid, 
whose  sides  ara  each  IG  ft.  and  slant  height  2G  ft.? 

Ans:  624  ft. 

2.  Required  the  convex  surface  of  the  pyramid  of  Cheops 
in  Egypt,  one  side  measuring  763.4  feet,  and  the  slant  height 
being  about  612  feet.  Ans,  934401.6  sq.  ft. 

3.  What  is  the  entire  surface  of  an  octagonal  pyramid, 
the  side  of  the  base  being  64  feet  and  the  slant  height  75 
feet?  Ans.  38977. 237  +  sq.  ft. 

i04i«  Rule. —  To  find  the  contents  of  a  pyramid,  multi- 
ply the  area  of  the  base  by  one-third  of  the  altitude. 

1.  What  are  the  contents  of  a  triangular  pyramid,  the  sides 
of  which  are  65,  75,  and  85  feet,  and  the  altitude  96  feet? 

Ans.  75119.904  cu.  ft. 

2.  Required  the  contents  of  a  heptagonal  pyramid,  each 
Bide  of  the  base  being  56.52  feet,  and  the  altitude  19.89  feet 

Ans.  76904.825+ cu.  ft. 

3.  Required  the  contents  of  a  decagonal  pyramid,  each 
aide  of  the  base  being  9  ft.  6  in.,  and  the  altitude  52  feet 
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THE   CYLINDER. 

1042.  The  Cylinder  is  a  rouud  body  of 

nniforoi    diameter,  with   circles  for  its   eada 
The  two  circular  ends  are  called  bases. 

1043.  Tbe  Altitude  of  a  cylinder  is  tbe 
distance  from  the  centrti  of  one  base  to  the  c( 
tre  of  the  other. 

Rule. —  To  find  the  convex  surface  of  a  cylinder,  mutt^ 
ply  Ike  circumference  of  the  boae  by  the  altitude. 

I.  What  is  the  convex  surface  of  a  eylioder,  whose  altitude 
!ter  of  base  9  ft.?         Ans.  424-116  sq.ft. 
ir  pipes  of  a  furnace  are  1 1  inches  in  diame- 
n  length  ;  how  many  square  feet  of  tio  do 

Ans.  108.43  sq.  ft. 
~  To  find  the  contents  of  a  cylinder,  Tnulli- 
ply  the  area  of  Ike  base  by  the  altitude. 

1.  Required  the  contents  of  a  cylindrical  stick  of  wood  2  ft 
6  in.  in  diameter,  and  4  ft  9  in.  long.       Ans.  23.316  cu.  ft 

2.  Required  the  contents  of  a  wire  \  of  an  inch  in  diame- 
ter and  20  feci  loDg.  Ans.  11. T8  cu.  in. 

8.  Required  the  number  of  cubic  feet  of  iron  in  a  water-pipe 
a  inches  in  diameter  on  tbe  inside,  and  8^  inches  on  the  outside, 
tbe  length  of  the  pipe  being  650  yards.    Jns.  87.74+cu.  fl, 
THE  CONE. 

1045.  A  Gone  is  a  volume  whose  base  is  a  cir-  i 
cle,  and  whose  convex  surface  tapers  uniformly  to  /[\ 
a  point  called  a  vertex.                                                      j    \ 

1046.  The  Altitude  of  a  cone  is  the  distance  /  \ 
from  the  vertex  to  the  centre  of  the  base,  and  the  [- — [— ^ 
slant  height  is  the  distance  from  the  vertex  to  tbe  '•—--^ 
circumference  of  the  base. 

Rule. —  To  find  the  convex  surface  of  a  cone,  multiply  the 
circumference  of  the  base  by  one-half  of  the  slant  height. 

1.  What  is  the  convex  surface  of  a  cone,  slant  height 
46  in.,  circumference  of  base  72  in.  f         Ans.  1620  sq.  Id. 
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2.  There  is  a  conical  haystack  whose  slant  height  is  t.6 
feet,  and  the  diameter  of  the  base  5.6  ft;  how  many  square 
yards  of  canvas  will  cover  it?  Ans,  7.29 -|-sq.  yd. 

3.  The  distance  to  the  top  of  a  certain  mountain  is  2^ 
miles,  and  the  circumference  of  its  base  7.35  miles;  what  is 
its  surface,  supposing  it  to  be  nearly  a  perfect  cone  ? 

Ans,  9.1875  sq.  miles. 

104T.  Rule. —  To  find  the  contents  of  a  cone,  multiply 
^he  area  of  the  base  by  one-third  of  the  altitude. 

1.  What  are  the  contents  of  a  sugar-loaf,  the  diameter  of 
whose  base  is  9  inches  and  whose  height  is  20  inches? 

Ans.  424.116  cu.  in. 

2-  How  many  cubic  feet  in  a  conical  hay-stack,  6.6  ft. 
high  and  25  ft.  in  circumference?         Ans.  109.4225 cu.  ft. 

THE  FRUSTUM  OF  A  PYRAMID  AND  CONE. 


The  Frustum  of  a  Pyramid  is  the  part 
of  a  pyramid  which  remains  after  cutting  off  the 
top  by  a  plane  parallel  to  the  base. 

1040.  The  Frustum  of  a  Cone  is  the  part  of 
a  cone  which  remains  after  cutting  off  the  top  by 
a  plane  parallel  to  the  base. 

Rule. —  To  find  the  convex  surface  of  a  frusium,  take  the 
sum  of  the  perimeters  or  circumferences  of  the  iwo  bases, 
and  multiply  it  by  one-half  of  the  slant  height. 

1.  Required  the  convex  surface  of  the  frustum  of  a  trian 
gular  pyramid,  the  side  of  the  upper  base  being  3  ft.,  of  the 
lower  5  ft.,  and  the  slant  height  8  ft.  Ans.  96  sq.  ft. 

!.*.  Required  the  convex  surface  of  the  frustum  of  a  cone, 
the  diameters  of  the  bases  being  6  and  10  feet  respectively, 
and  the  slant  height  12  ft.  3  in.  Ans.  30Y.8t68  sq.  ft. 

1050.  Rule. —  To  find  the  contents  of  a  frustum,  take 
the  sum  of  the  two  ba^es  and  the  square  root  of  their  pro- 
duct, and  multiply  the  sum  by  one-third  of  the  altitude  of 
the  frustum. 
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1.  What  are  the  coutents  of  the  frustum  of  a  square  pjra- 
uiid,  the  sides  of  whose  bases  are  18  and  25  feet,  and  the 
altitude  15  feet  ?  Ann.  6995  sq.  ft. 

2.  IIow  many  cubic  feet  in  a  log  45  feet  in  length,  the 
radius  of  one  end  being  2  J  feet  and  of  the  other  7^  ft.? 

Ans.  3828.825  cu.  ft. 

THE  SPHERE. 

105].  A  Sphere  is  a  volume  bounded  by  a 
curved  surface,  every  point  of  which  is  equally 
distant  from  a  point  within  called  the  centre, 

105IS.  The  Diameter  of  a  sphere  is  a  line 
passing  through  its  centre  and  ending  in  the 
surface.     The  radius  is  half  the  diameter. 

Rule. —  To  find  the  surface  of  a  sphere,  multiply  the  cir^ 
cumference  by  the  diameter;  or  square  the  radiua  and  mul' 
tiply  by  4  times  3.1416. 

1,  Required  the  surface  of  a  sphere  whose  diameter  is  36 
inches.  Ans.  4071.5136  sq.  in. 

i\  The  circumference  of  the  earth  is  nearly  25000  miles  • 
what  is  its  surface  ?  Ans.  198937500  sq.  miles. 

1053.  Rule. —  To  find  the  contents  of  a  sphere,  multi- 
ply the  cube  of  the  diameter  by  ^  of  3.1416,  or  by  .5236. 

1.  Required  the  contents  of  a  sphere  whose  diameter  is 
84  inches.  Ans.  310339.8144  cu.  in. 

2.  What  is  the  weight  of  a  cannon  ball  9  inches  in  diame- 
ter, the  metal  weighing  6953  oz.  per  cubic  foot  ? 

Ans.  1535.8742  oz. 

1054.  Rule. —  To  find  the  edge  of  a  cube  which  may  be 
cut  from  a  given  sphere,  square  the  diameter,  divide  by  3, 
and  extract  the  square  root  of  the  quotient, 

1.  Required  the  edge  of  a  cube  that  can  be  cut  out  of  a 
sphere  whose  radius  is  12  inches.  Ans,  13.856  in. 

2.  Required  the  contents  of  a  cube  inscribed  in  a  sphere 
having  a  circumference  of  15.7085  inches. 

Ans.  24.05 +00   in. 
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THE  SPHEROID 

i055*  A  Spheroid  is  a  volume  formed 
by  the  revolution  of  an  ellipse  about  one 
of  its  axes. 

lOSO*  A  revolution  about  the  longer 
axis  forms  a  prolate  spheroid ;  about  the  shorter  aods,  ao 
oblate  spheroid. 

Rule. —  To  find  the  contents  of  a  spheroid^  multiply  the 
square  of  the  revolving  axis  by  the  fixed  axis,  and  thai 
product  by  ^  0/ 3.1416,  or  by  .6236. 

1,  What  are  the  conteuts  of  a  balloon  in  the  shape  of  a 
prolate  spheroid,  the  longer  axis  being  15  feet  and  the  shorter 
10  feet?  Ans,  785.4  cu.  ft. 

?•  The  earth  is  an  oblate  spheroid,  the  longer  axis  being 
about  7925  miles  and  the  shorter  7898  miles  ;  what  are  its 
contents  ?  Ans.  259,725,929,424.6  cu.  miles. 

IRRECjrCLAR  BODIES. 

1057*  Rule. —  To  find  the  contents  of  an  irregular  body^ 
"'mmerse  the  body  in  a  vessel  of  known  dimensiona,  contain- 
ing water  ;  note  the  rise  in  the  water ,  and  calculate  accord- 
ingly, 

1.  A  stone  was  thrown  into  an  empty  cylindrical  vessel, 
which  was  then  filled  with  water ;  when  the  stone  was  taken 
out,  the  water  fell  4.75  in.;  what  was  the  volume  of  the  stone, 
the  diameter  of  the  vessel  being  9  in.  ?  Ans.  302.18+cu.  in. 

2.  A  lump  of  iron  ore  being  put  into  a  vessel  1  cubic  foot 
in  capacity,  it  was  found  that  it  took  2J^  gallons  to  fill  the 
vessel ;  required  the  volume  of  the  ore.  Ans,  1208:icu.  in. 

GAUGING. 
10S8.  Gauging  is  the  process  of  ascertaining  the  capao 
ity  of  casks  and  other  vessels. 

1059*  Barrels  and  casks  differ  from  cylinders  in  bulging 
out  in  the  middle.  It  is  necessary,  therefore,  first  to  ascer- 
tain the  approximate  mean  diameter  of  the  cask  or  barrel^ 
and  the  capacity  can  then  be  obtained  V\^e  xNx^K.  ^"v  ^  v^tjXw^^vs^ 
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Role  I. —  To  find  the  mean  diameter  of  a  barrel  or  cas/c, 
add  to  the  head  diameter  J,  or,  if  the  staves  are  not  much 
curved,  f,  of  the  difference  between  the  head  and  bung 
diameters. 

Rule  II. —  To  find  the  capacity  in  gallons,  multiply  the 
square  of  the  mean  diameter  by  the  length  (both  expressed 
in  inches),  and  this  product  by  .0034. 

Note. — The  contents  of  a  cylinder  are  found  (Art.  1044)  by  multiplying 
together  the  length,  the  square  of  the  diameter,  and  .TS.'v^.  To  reduce  to 
gallons,  we  divide  this  product  by  231  (Art.  505),  or,  which  is  the  same 
thing,  multiply  the  length  and  the  square  of  the  mean  diameter,  by 
(.7854-7-2:^1)  or  .0034. 

1.  What  is  the  capacity  in  gallons  of  a  cask  whose  head 
diameter  is  80  inches,  bung  diameter  38  inches,  and  length 
42  inches?  Ans,  178.2718 gal. 

?.  How  many  gallons  in  a  barrel  of  cider,  with  staves 
slightly  curved,  the  head  diameter  being  2  ft.,  the  bung 
diameter  2  ft.  Sin.,  and  the  length  2  ft.  10  in.? 

Ans.  76.947  gal. 

LUMBERMEN'S  PRACTICAL  RULE. 
lOOO.  In  lumbering  it  is  convenient  to  be  able  to  deter- 
mine the  amount  of  square-edged  inch-boards  that  can  be 
sawed  from  a  round  log.     The  most  convenient  method  of 
doing  this  is  by  the  following  rule,  known  as  Doyle^s  Bute: 

Rule. — From  the  diameter  in  inches  subtract  4  ;  the 
square  of  the  remainder  will  be  the  number  of  square  feet 
of  inch  boards  yielded  by  a  log  16  feet  in  length. 

Note. — This  is  quite  a  close  approximation  to  a  scientific  rule ;  and 
though  it  favors  the  buyer  in  small  logs  and  the  seller  in  large  ones,  yet, 
since  logs  are  often  crooked,  no  rule  averages  a  more  correct  result 

1.  How  many  square  feet  of  lumber  can  be  cut  from  a 
log  44  in.  in  diameter  and  24ft.  long? 

Sv»LUTiON. — No.  of  square  feet ^  40 X 40x  i  =  2400. 

2.  How  many  square  feet  of  square-edged  lumber  in  a 
log  12  in.  in  diameter  and  18  ft.  long?  Ans.  72 sq.  ft. 

3.  What  is  the  yield  of  a  log  36  in.  in  diameter  and  20  ft. 
long?  Ann.  1280sq.  ft. 

Note. — Doyle^a  Rule  is  the  basis  of  the  tables  in  Scribner's  Lumber  atul 
Log  Book,  which  is  a  recognized  standard  among  lumbermen. 


ARITHMETICAL    ANALYSIS.  487 

SECTION  XV. 
AKITHMETICAL  ANALYSIS. 

lOOi.  We  present  a  few  problems  and  solutions  under 

the  head  of  Arithmetical  Analysis, 

Note. — For  an  analysis  of  many  of  the  old  problems  which  present  such 
excellent  combinations  of  conditions  as  to  be  regarded  as  classic,  see  tho 
author's  Nortnal  WrUten  Arithmetic, 

CASE   I. 

!•  If  an  article  had  cost  20%  less,  the  gain  would  have 
been  30%  more;  what  was  the  gain  per  cent.? 

Solution. — The  second  cost  is  100%  — 20%,  or  80%  of  the  first  cost. 
If  on  100%  the  amount  is  a  certain  ratCf  on  1  %  the  rate  will  be  100  times 
as  great,  and  on  80%  it  will  be  -^(^  of  100,  or  |  times  as  great;  hence 
I  —  J,  or  J  :=  30%,  the  difference  in  the  rate,  and  }  =  120%,  the  rate  al 
hrst  cost;  hence  the  gain  per  cent  was  20. 

2.  If  an  article  had  cost  me  10%  less,  the  gain  would 
have  been  12%  more;  what  was  the  gain  per  cent? 

Ans.  8%. 

H,  If  the  cost  had  been  4%  less,  the  gain  would  have 

oeen  4|%  more;  what  was  the  gain  per  cent.? 

Ans.  12%. 
CASE  II. 

1.  If  an  article  had  cost  20%  more,  the  gain  would  have 
been  25%  less;  what  was  the  gain  per  cent.? 

Solution. — The  second  cost  is  120%  of  the  first  cost,  and  therefore 
on  it  the  amount  will  be  4  as  great  a  rate  per  cent,  as  on  the  first  cost; 
hence  f  —  f,  or  ^  =  25%,  the  difference  in  the  rates,  hence  |  =  150%, 
the  rate  at  first  cost,  and  the  gain  is  50%. 

2,  If  the  cost  of  certain  goods  had  been  25%  more,  the 
gain  would  have  been  30%  less;  what  was  the  gain 
percent.?  ^ns.  50%. 

8.  If  an  invoice  of  calicoes  had  cost  15%  more,  the  gain 
would  have  been  12%  less;  what  was  the  gain  per  cent.  ? 

Avs,  8%  loss 

4.  If  I  had  paid  10%  more  for  my  fall  stock,  the  profit 
<i'ould  have  been  10%  less;  what  was  the  gain  per  cent? 


488  NORMAL     UIQUER     ARITUMBTIC. 

CASE   UI. 

1.  A  merchant  sold  cloth  at  20%  g'aiii,  but  had  it  cost  $^9 
more,  he  would  have  lost  15%  by  selling  at  the  same  price; 
what  did  the  goods  cost? 

Solution. — The  cloth  was  sold  for  120^,  or  |  of  the  cost,  but  had 
it  cost  $49  more,  it  would  have  been  sold  for  85%,  or  J  J  of  the  cost; 
hence  §  of  the  first  cost  equals  JJ  of  the  second  cost,  and  ^^  of  the  firel 
cost  equals  |J  of  the  second  cost;  but  the  difference  between  the  Si's! 
cost  and  the  second  cost  is  $49;  hence  }f  —  ^J,  or  ^j  of  the  first  cost 
equals  $49,  and  the  cost  was  $119. 

2.  A  quantity  of  goods  were  sold  at  25%  gain,  but  if  they 
had  cost  $40  less,  the  gain  at  the  same  selling  price  would 
have  been  35%  ;  what  was  the  cost  of  the  goods  ? 

Ans.  $540. 

3.  A  farmer  lost  10%  on  his  wheat  crop,  but  if  it  had 
cost  him  $50  more  he  would  have  lost  20%  ;  what  was  the 
cost  of  the  crop  ?  Ans.  $400. 

4.  A  commission  merchant  sold  flour  for  his  principal  al 
a  loss  of  10%,  but  if  the  flour  had  cost  $1  a  barrel  less,  he 
would  have  gained  5%  ;  what  was  the  cost  of  the  flour  per 
barrel?  Ans.  $t. 

CASE  IV. 

1.  A  father  willed  $43,500  to  his  two  sons,  A  and  B,  aged 
12  and  15  years  respectively,  to  be  divided  in  such  a  manner 
that  the  two  parts,  on  interest  at  6%,  would  amount  to 
equal  sums  when  they  became  of  age;  what  were  the  parts? 

Solution. — A's  money  was  on  interest  9  years,  and  .B*8  6  years.  For 
6  years  at  6%,  f|  of  the  principal  equals  the  amount;  hence  ff  of  B'a 
share  equals  his  amourU;  and  in  the  same  way  we  see  that  -J^  of  A*8 
ihare  equals  his  amount,  Now,  since  the  amounts  are  equal,  |j  of  A*8 
share  equals  f  ^  of  B's,  from  which  we  find  B's  share  =  J  J  of  A's ;  hence 
U  of  A's  4- I J  of  A's,  or  W  of  A's  =  $43,500;  ^  of  A's  =  $300, 
If  =  $20,400,  and  H  of  A's,  or  B's  =  $23,100. 

2.  A  gentleman  divided  $84,700  among  his  three  sons, 
aged  11,  14,  and  17  years  respectively,  so  that  the  different 
shares,  being  on  interest  at  5%,  should  amount  to  equal 
sums  when  they  became  of  age ;  what  were  the  shares  ? 

Ans.  $25,200;  $28,000;  $31,500. 
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3«  A  gentleman  put  out  $49,103  on  interest  at  7%  for  the 
benefit  of  his  three  sons,  aged  16,  17,  and  18  years  respect- 
ively, dividing  it  in  such  a  manner  that  each,  as  he  became 
of  age,  should  receive  the  same  amount;  what  were  the 
shares  of  each?  Ans.  $15,488  ;  $16,335  ;  $17,280. 

CASE   V. 

1.  It  is  between  10  and  11  o'clock,  and  the  minute-hand 
of  the  clock  is  ^  as  far  after  1 2  as  the  hour-hand  is  before  it 
What  is  the  time  of  day  ? 

Solution. — At  10  o'clock  the  hour-hand  was  at  10  and  the  minute- 
hand  at  12.  Since  that  time,  the  minute-hand  has  moved  J  of  the  hour- 
hand's  distance  from  12,  and  the  hour-hand  y^j  of  J  of  that  distance, 
or  -^  of  that  distance.  Then  |J+^?=f  J  of  that  distance=the  distance 
from  10  to  12=-10  minute-spaces,  and  ^i=^j  of  10  minute-spaces,  and 
if  or  J  of  the  hour-hand's  distance,  whi<3i  is  the  minute-hands  distance 
=:J|  of  10  minute-spaces=4|  spaces,  and  the  time  is  4  min.  48  seconds 
after  10  o'clock. 

2.  It  is  between  1  and  2  o'clock,  and  the  minute-hand  is 
as  far  past  2  as  the  hour-hand  is  before  it;  required  the  time. 

Ans.  13  min.  50|^  sec.  after  1. 

3.  It  is  between  3  and  4  o'clock,  and  the  minute-hand  is 
J  as  far  before  12  as  the  hour-hand  is  after  it;  required  the 
time.  Ans.  53  min.  30|^  sec.  past  3. 

CASE  VI. 

1.  Suppose  the  hour-hand,  minute-hand,  and  second-hand 
of  a  clock  all  turn  upon  the  same  centre ;  they  will  be  to- 
gether at  12  o'clock;  how  long  before  each  hand  respectively 
will  be  half-way  between  the  other  two? 

12  3 

A 

^^  D^  V  ll  >^  ^  ■!»  ^ 


Solution. — Case  1.  Let  A  be  12  on  the  dial,  and  B,  C,  and  D,  th€ 
positions  of  the  hour-hand,  minute-hand,  and  secotvd-Vvasv^  \«k^'cJCvs'^  > 
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the  second-hand  l)cing  equally  distant  from  the  other  two.  Then,  while 
the  hour-hand  passes  over  a  certain  space,  the  minute-hand  passes  oyer 
12  times  tliut  space,  and  the  second-hand  720  times  the  space.  Hence  AC 
=  12AB,  and  ACD=720AB.  But  BD=CD=720AB— 12AB=708AB» 
and  BC-— AC — AB=1IAB;  hence  the  whole  ciroumference^CD-|-BI>f 
BC;=708AB4-708AB-|-11AB=1427AB;  hence  AC,  the  space  passed 
over  by  the  minute-hand,  is  jHt  ^^  ^^^  seconds,  or  30jYiPy  seconds. 

Case  2.  The  hour-hand  being  between  the  other  two  hands,  we  have 
BD=BC=I1AB;  hence  AD=10AB,  and  AD-fACD=10AB-(-720AB= 
73()AB,  the  whole  circumference ;  therefore  AC=7^y^  of  3600  seconds, 
or  59^  seconds. 

Case  3.  When  the  minute-hand  is  half-way  between  the  other  tw(^ 
the  second-hand  will  have  gone  once  round  the  face  of  the  clock ;  hence, 
since  CD=:BC=11AB,  AD=AC-f  CD=23AB,  and  the  circumference-h 
23AB=720AB  ;  hence  the  circumference=697AB,  and  12AB=,^  of 
3000  seconds,  or  61|ff  seconds. 

2,  The  three  haads  turning  upon  the  same  centre,  how 
long  will  it  be  after  12  o'clock  before  the  hour  and  second 
bauds,  the  minute  and  second  hands,  and  the  hour  and  min- 
ute bauds,  will  be  together  again  ? 

Ans,  GOyY^  seconds  ;  61^  seconds  ;  66^^  minutes. 
3«  How  long  will  it  be  after  12  o'clock  before  the  hour  and 
second  bands,  the  minute  and  second  hands,  and  the   hour 
and  minute  hands,  are  at  right  angles  with  each  other? 

Arts.  ISnyij^  seconds;  15^  seconds;  16^ minutes. 
4,  How  long  will  it  be  after  12  o'clock  before  the  hour  and 
second  hands,  the  minute  and  second  hands,  and   the   hour 
and  minute  hands,  are  exactly  opposite  each  other  ? 

Ans.  30t;^  seconds;  30f^-  seconds;  32y®y  minutes. 

CASE  VII. 

1,  If  6  acres  of  grass,  together  with  what  grows  on  the  6 
acres  during  the  time  of  grazing,  keep  16  oxen  12  weeks,  and 
9  acres  keep  26  oxen  9  weeks,  bow  many  oxen  will  15  acres 
keep  10  weeks,  the  grass  growing  uniformly  all  the  time  ? 

Solution. — If  6  acres-f-the  growth  of  6  acres  for  12  weeks,  keep  10 
oxen  12  weeks,  one  acre-|-tlie  growth  of  1  acre  for  12  weeks,  will  support 
16  oxen  \  of  12  weeks,  or  2  weeks,  or  32  oxen  1  week.  In  the  same 
manner,  1  acre-|-the  growth  of  1  acre  for  9  weeks,  will  keep  26  oxen  1 
week ;  subtracting  these,  we  have  the  grovrth  of  1  acre  for  3  weeks  will 
keep  6  oxen  for  1  week,  and  the  growth  of  1  acre  for  9  weeks  will 
keep  18  oxen  for  1  week ;  subtracting  this  latter  expression  from  1   acre 
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-fthe  growth   of  1  acre    for  9  weeks,  operation. 

we  have  1  acre,  without  the  growth,  ^      ^       ^       q       ^y^ 

will  keep  8  oxen  1  week;   hence,  15  g_j_  (j  for  12      16      12 

acres  will  keep  120  oxen  1  week,  or  y^  9-1-  9  for    9      26        9 

of  120,  or   12  oxen  10  weeks;   again, 

since  the  growth  of  one  acre  for  3  weeks 

will  keep  6  oxen  1  week,  the  growth  of 

1  acre  for  1  week  will  keep  2  oxen  1 

week,  hence  the  growth  of  15  acres  for 

10   weeks   will   keep   30  oxen   for  10 

weeks ;  and  adding,  we  have  15  acres -j- 

the  growth  of  15  acres  for   10   weeks, 

will  keep  42  oxen  10  weeks. 


l-h   1  for  12 
1-f-  1  for    9 

32 

26 

Ifor    3 
1  for    9 

6 

18 

1+  0  for    0 

15-h  0  for     0 

15  for  10 

8 
12 
30 

10 
10 

15-f-15  for  10      42       10 

2.  If  5  acres  of  grass,  together  with  what  grows  on  them 
during  the  time  of  grazing,  keep  20  oxen  10  weeks,  and  8 
acres  keep  29  oxen  16  weeks,  how  many  weeks  will  15 
acres  keep  70  oxen  ?  Ans.  6  weeks. 

3.  If  10  acres  of  grass  keep  48  oxen  15  weeks,  and  7  acres 
keep  34  oxen  14  weeks,  how  mahy  acres  will  keep  38  oxen 
16  weeks,  the  grass  growing  uniformly  all  the  time  ? 

Ans.  8  acres. 

CASE  VIII. 

1.  What  number  divided  by  13,  leaves  12  for  a  remainder, 
by  7  leaves  3,  by  6  leaves  5,  and  by  5  leaves  2  ? 

Solution. — It  is  evident  that  13-f-12,  or  25,  will  satisfy  the  first  con- 
dition. Dividing  25  by  7,  the  remainder  is  4,  which  is  greater  than  the 
required  remainder ;  hence  we  must  add  to  25  a  number  which,  divided 
by  7,  will  leave  a  remainder  that  increased  by  4,  will  contain  7  once, 
with  a  remainder  of  3.  This  remainder  is  6.  But  the  number  added 
must  also  contain  13,  and  both  conditions  are  fulfilled  by  13  itself;  hence 
254-13,  or  38,  ftiltiUs  the  first  two  conditions.  Dividing  38  by  6,  the 
remainder  is  2,  which  is  3  less  than  the  required  remainder ;  hence  we 
must  add  to  38  a  number  which,  divided  by  6,  will  leave  a  remainder 
of  3,  and  the  number  added  must  also  be  a  multiple  of  13  and  7.  The 
least  multij^le  of  13  and  7  is  91,  which,  divided  by  6,  leaves  I ;  hence 
to  get  a  remainder  of  3,  we  must  add  3  times  91,  or  273.  38-|-273  = 
311,  which  satisfies  the  first  three  conditions.  Continuing  the  operation 
in  the  same  manner,  we  find  that  857  is  the  least  number  that  will  sat- 
isfy all  the  conditions.  Other  numbers  can  be  found  by  adding  to  857 
any  common  multiple  of  all  the  divisora. 

2.  What  number  divided  by  11,  leaves  1 0  remaining,  by 
9  leaves  7,  by  7  leaves  6,  by  4  leaves  3?  Ans.  1231. 

3.  What  number  divided  by  15,  leaves  8  for  a  remainder, 
by  13  leaves  7,  by  11  leaves  9,  by  7  leaves  5  ?    Ans.  1^\^. 
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SECTION    XVI. 
MISCELLANEOUS   EXAMPLES. 

Tliese  problems  are  designed  both  as  a  review  of  the  work  and  a  test  of 
the  knowledge  and  arithmetical  skill  of  the  pupil.  They  are  to  be  used 
ill  accordance  with  the  needs  of  the  pupil  and  the  judgment  of  tbe 
teaclier. 

1.  If  Henry's  capital  is  20%  less  than  William's,  how 
many  %  is  William's  more  than  Henry's  ?         Ans.  25%. 

2.  I  wish  to  put  20  hogsheads  of  ale  (54  gallons)  into  10 
empty  wine  pipes ;  what  must  be  the  capacity  of  a  cask 
which  shall  contain  what  is  left  over?  Ans.  58f ^  wine  gal. 

3.  A  bought  stock  5%  below  par  value,  and  sold  it  5% 
above  par,  and  gained  $550 ;  what  was  the  par  value  of  the 
stock  ?  '  Ans.  $5500. 

4.  Mr.  Russell  bought  stocks  2^%  above  par,  and  was 
obliged  to  sell  2^%  below  par,  and  lost  $235 ;  what  did  the 
stocks  cost  him  ?  Ans.  $4811.50. 

5.  A  asked  at  one  time  33^%  less  for  an  article  than  cost, 
but  afterwards  sold  it  for  S3^%  more  than  this  price ;  re- 
quired the  loss  per  cent.  Ans.  Il^%. 

6.  What  must  I  ask  for  a  house  that  cost  me  $1520,  that 
after  falling  6%  on  the  price,  I  may  gain  18|%  on  the  cost? 

Ans.  $9500. 

7.  A  grocer  asked  for  flour  35%  more  than  cost,  but  sold 
it  for  66|%  of  his  asking  price  ;  required  the  loss  per  cent. 

Ans.  10%. 

8.  What  must  be  asked  for  a  farm  which  cost  $8160,  so 
that  after  raising  the  price  33^%,  I  may  gain  S^%  on  the 
cost  ?  Ans.  $6630. 

9.  A's  gain  at  wholesale  is  12^%,  and  his  retail  price  is 
5%  more  than  his  wholesale  price;  required  the  gain  per 
cent,  at  retail.  Ans.  18|^%. 

10.  B's  gain  at  retail  is  12^%,  and  his  wholesale  price  is 
2^%  less  than  his  retail  price ;  required  the  gain  per  cent, 
at  wholesale.  Ans.  9|^%. 
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1!.  A  barrel  of  molasses  lost  20%  by  leakage,  and  the  re- 
mainder was  sold  at  a  gain  of  20%  ;  required  the  gain  or 
loss  per  cent.  Ans.  4%  loss. 

12.  A  log  19  in.  thick  is  sawn  into  15  boards,  each  l^in. 
thick;  what  %  of  the  board  is  wasted?         Ans,  11-^%. 

13.  A  merchant  lost  20%  of  his  goods,  and  sold  the  re- 
mainder for  33  J  %  more  than  cost,  and  gained  $250.76  ;  what 
did  his  goods  cost?  Ans.  $3761.25. 

14.  A  man  lost  25%  of  a  purchase;  what  must  he  gain 
per  cent,  on  the  remainder,  that  he  may  gain  25%  on  the 
whole  ?  Ans.  66f  %. 

15.  A  bought  a  house  and  barn,  paying  3  times  as  much 
for  the  house  as  for  the  barn  ;  if  he  had  paid  12  J  %  more  for 
the  house,  it  would  have  cost  $4725^;  what  was  the  cost  of 
each  ?  Ans.  House,  $4200.44  ;  barn,  $1400.148. 

16.  A  borrowed  of  B  a  certain  sum  ;  37^%  of  the  debt  is 
$45.84,  which  is  66|%  of  what  has  been  repaid  ;  how  much 
does  A  still  owe  ?  Ans.  $53.48. 

17.  If  7  horses  or  6  cows  eat  b^j  tons  of  hay  in  17  days, 
how  long  will  it  take  6  horses  and  7  cows  to  eat  the  same 
quantity  ?  Ans.  8|  days. 

18.  If  stock  bought  at  10%  above  par  pays  8%  on  the 
investment,  what  per  cent,  will  it  pay  if  bought  at  10%  dis- 
count ?  Ans.  9^%. 

19.  12  men  can  do  a  piece  of  work  in  8f  days  ;  how  long 
may  3  men  remain  away,  and  the  work  be  finished  in  the 
same  time  by  their  bringing  7  more  with  them  ? 

Ans.  6^  days. 

20.  What  will  it  cost  to  paper  the  walls  of  a  room  25.5  ft. 
long,  14  5  ft  wide,  and  9.25  ft.  high,  a  roll  of  paper  being  8 
yards  long  and  i  a  yard  wide,  and  costing  45  cents  a  roll  ? 

Ans.  $12.15. 

21.  If  an  important  vote  in  the  English  Parliament  is  taken 
at  1  h.30min.A.  M.,  Jan.  15th,  and  telegraphed  immediately 
to  San  Francisco,  122°  26'  15"  W.,  at  what  hour  will  it  be  re- 
ceived ?  Ans.  5  h.  20  min.  15  sec.  P.  M.,  Jan.  14th. 

22.  At  a  certain  time  between  5  and  fto^c\oeV,N\ife\svv«»Xte- 
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baad  of  a  clock  was  between  6  and  7  ;  within  an  hour  the 
bauds  had  exactly  cbanged  places  with  each  other ;  when 
were  they  iQ  tbe  lirst  position  ?  Ans.  5  h.  32  min.  18y^  sec. 

23.  WhcQ  gold  was  worth  50%  more  tban  currency,  what 
was  the  value  in  gold  of  a  ten-dollar  bill  ?  When  currency 
was  worth  50%  less  than  gold,  what  was  the  value  in  cur 
rency  of  a  gold  eagle  ?  Afis.  $6f ;  $20. 

24.  A  room  is  20.5  ft.  long,  16.7  ft.  wide,  and  9.5  ft.  high; 
there  are  2  windows  5.75  ft.  high,  and  3.5  ft.  wide,  and  a  door 
G.6  ft.  high  and  3^  ft.  wide.  What  will  be  the  expense  of 
plastering  the  room  at  Sl\^  a  square  yard,  and  of  carpeting 
it  with  ingrain  carpet  a  yard  wide  @$1.62i  ?     Ans.  $96.08. 

*25.  A  goldsmith  bought  an  ingot  of  gold  at  $192  per  lb., 
and  sold  it  at  $16  per  ounce,  using  Avoirdupojs  weight  both 
times.  If  the  true  weight  of  the  ingot  was  8  lb.  Troy,  how 
much  did  he  gain  by  the  fraud,  gold  being  worth  $16  an 
ounce  ?  Ans.  $42 1^^^. 

!i6.  A  steamer  going  from  Philadelphia  to  Liverpool  passes 
over  8^  degrees  of  longitude  on  an  average  in  a  day ;  how 
long  is  it  from  noon  one  day  to  noon  the  next  day,  and  how 
long  will  it  be  on  the  return  voyage  ? 

Ans.  23  h.  26  min.  out;  24  h.  34  min.  return. 

27.  Four  men  make  regular  excursions  into  the  country, 
between  which  each  stays  at  home  just  one  day.  A  is  always 
absent  3  days,  B  5  days,  and  C  and  D  each  7  days.  If  they 
all  set  out  on  the  same  day,  how  many  days  will  elapse  before 
they  can  all  be  at  home  on  the  same  day  ?     Ans,  23  days. 

28.  Iff  of  the  cost  of  an  article  equals  J  of  its  selling  price, 
what  is  the  loss  per  cent.  ?  If  |  of  the  cost  of  an  article 
equals  f  of  its  selling  price,  what  is  the  gain  per  cent.  ? 

A71S.  4^%  ;  5%. 

29.  How  many  bricks  will  be  required  to  build  a  13  inch 
wall  of  average  bricks  7  ft.  high  round  a  garden  containin*' 
2^  acres  in  the  form  of  a  square,  and  what  will  be  the  cost 
of  the  bricks  at  the  rate  of  $4^  ^  M.,  the  mortar  being  4  of 
an  inch  thick,  and  no  allowance  made  for  corners!' 

Ans,  $873.18. 
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80.  B  drew  out  of  bank  20%  of  his  deposits,  then  30%  of 
the  remainder,  and  afterwards  40%  of  what  then  remained, 
and  had  $420  left;  what  was  his  deposit?         Ans.  $1260. 

31.  A,  haying  a  quantity  of  canal  stock,  sold  25%  of  it  to 
B,  who  sold  33^%  of  his  purchase  to  C,  who  sold  37^%  of 
bis  purchase  to  D,  who  received  5  shares ;  how  many  had  A 
at  first?  Ans,  160  shares. 

32.  A  dress-pattern  having  been  cut  from  a  piece  of  silk, 
there  were  left  8|  yards,  which  was  66f  %  less  than  the 
quantity  cut  off;  how  many  yards  were  there  at  first? 

A71S.  33^  yards. 

33.  A  speculator  invested  $9720  in  oil  and  lost  20%  ;  he 
then  invested  the  remainder  in  sugar  and  gained  25  % ;  he  then 
invested  his  money  in  fancy  stocks  and  lost  30%  ;  did  he 
gain  or  lose,  and  how  much?  Ans.  Lost  $2916. 

34.  A  and  B  receive  equal  legacies;  A  spent  75%  of  his 
in  land,  and  B  lost  in  speculation  as  much  as  equaled  33^% 
of  what  both  received,  and  then  they  had  together  $350  ; 
what  was  the  amount  of  the  legacy,  and  what  had  each  left? 

Ans,  Legacy,  $600  each ;  A,  $150 ;  B,  $200. 
36.  A  merchant  spent  equal  sums  of  money  in  cotton, 
linen,  and  woolen  goods,  and  made  10%  on  the  cotton,  and 
8%  on  the  linen,  but  lost  25%  on  the  woolens;  the  whole 
amount  of  the  sales  was  $2842.10  ;  what  did  he  pay  for  each 
kind  of  goods?  Ans.  $970. 

36.  A'sgainwas26%,andB^8  30%,  and  A's  gain  was  $27 
less  than  B's;  what  was  the  capital  of  each,  if  f  of  A's  equals 
I  of  B's  ?  Ans,  A's  $4050  ;  B^S'$3600. 

37.  A  sold  his  farm  and  house  for  $9000,  receiving  |  as 
much  for  his  house  as  for  his  farm  ;  qn  the  farm  he  gained 
7  %  and  on  the  house  he  lost  5%  ;  what  was  the  cost  of  each  ? 

Ans,  House,  $4210.526;  farm,  $4672  897. 

38.  A  brokei  charged  me  2J^%for  purchasing  some  uncur. 
rent  bank-notes  at  15%  discount.  Three  bills,  of  $20,  $50, 
and  $100  respectively,  turned  out  to  be  worthless,  but  by 
selling  the  rest  at  par  I  made  $85  ;  what  was  the  face  of 
the  notes  ?  Aus.  VL'^vnv^. 
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89.  What  is  the  amount  of  a  note  for  $765.35,  dated  Aug 
9,  1872,  and  paid  June  12,  1876,  interest  7%,  payable  an- 
Qually  ?  Ans.  $992.78. 

40.  Two  steamboats  leave  Philadelphia  and  Trenton  at 
the  beginning  of  ebb-tide,  going  towards  each  other,  their 
rate  of  travel  being  10  miles  an  hour,  and  the  tide  running 
1^  miles  an  hour;  how  far  from  Philadelphia  will  the  boats 
meet,  the  distance  being  about  30  miles?        Ans.  12 J  mi. 

4:1,  Three  men  start  from  the  same  point  to  travel  round 
an  island  80  miles  in  circumference  ;  the  first  goes  5  miles  a 
day,  the  second  10  miles  a  day,  and  the  third  goes  10  miles 
a  day  in  the  opposite  direction;  how  long  before  they  will  ail 
meet  again?  Ans.  16  days. 

42.  If  the  shipment  of  a  coal  operator  for  a  year  was 
1800  long  tons,  and  the  cost  per  long  ton  was  for  mining 
50/,  hauling  and  outside  labor  48/,  incidentals,  wear  of 
tools,  machinery,  etc.,  45/,  royalty  on  land  50/,  freight  by 
railroad  $1.75,  capital  48/,  commission  on  sales  4%,  and  the 
sales  averaged  $0^  per  ordinary  ton  ;  what  was  his  profit  for 
the  year  ?  Ans.  $4608. 

43.  A  gentleman,  asking  the  consent  of  a  lady  to  marry 
the  second  of  her  five  daughters,  was  told  that  he  should 
have  her  on  condition  of  finding  what  was  the  fortune  of 
each  daughter  by  their  father's  will,  which  was  as  follows; 
the  first  four  had  $50,000 ;  the  last  four,  $66,000 ;  the  first 
and  last  three,  $60,0u0  ;  the  first  three  and  last,  $66,000; 
and  the  first  two  and  last  two,  $64,000  ;  what  were  their  for- 
tunes?    ^ns.  $8000;  $14,000;  $10,000;  S18,000;  $24,000. 

44.  A  company  engaged  an  agent  to  do  business  for  one 
month  at  a  salary  of  $25,  giving  him  goods  amounting  to 
$57.54  and  $32.17  in  cash  to  start  with.  The  agent  bought 
during  the  month  goods  amounting  to  $59.91.  At  the  end  of 
the  month  the  goods  on  hand  amounted  to  $31.67,  and  the 
amount  of  sales  for  the  month  was  $102.97  ;  required  tho 
balance  of  the  account.  Ans.  Loss  to  company,  $7.81. 

45.  In  1869  it^i^  estimated  that  550,000,000  feet  of  lum- 
ber was  manufactured  in  the  Saginaw  Valley,  at  a  profit  of 
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$875,000  ;  what  was  the  rate  per  cent,  of  profit,  if  the  capi- 
tal invested  was  in  mill  property  $3,754,000,  in  shingle  mill 
property  $295,500,  and  in  tools,  teams,  slides,  etc.,  esti- 
mated at  $4  per  M.  feet  of  lumber  made  ?         Ans.  6%  +  . 

46.  A  tailor  sold  11  garments  for  $77,  viz.:  coats  at  $13, 
pants  at  $6,  vests  at  $5,  and  cravats  at  $3  each ;  required 
the  number  of  each.  Ans.  3,  4,  1,  3. 

47.  Mr.  Johnson  invested  a  certain  amount  in  cotton,  and 
Mr.  Wilson  invested  3  times  as  much  ;  Mr.  Johnson  lost 
20%,  while  Mr.  Wilsun  gained  25%,  and  the  difference  be- 
tween  the  amounts  they  received  was  $885 ;  how  much  did 
each  invest?  Ans.  $300;  $900. 

48.  A  retail  merchant  sold  a  quantity  of  silks  for  $1078.12^, 
thereby  gaining  20%  ;  the  wholesale  merchant  from  whom 
he  bought  them  made  a  profit  of  15%;  and  the  importer 
who  sold  them  gained  25%  ;  what  did  they  cost  the  im- 
porter? Ans.  $626. 

49.  A  traveler  journeyed  500  miles  in  two  days,  and  |  of 
the  distance  he  traveled  the  first  day,  plus  ^  of  the  distance 
he  traveled  the  second  day,  equals  ^  of  the  distance  he  trav- 
eled the  first  day ;  how  far  did  he  travel  each  day  ? 

Ans.  241§f  miles;  258^y  miles. 

50.  What  sum  must  a  man  save  annually,  commencing 
at  21  years  of  age,  to  be  worth  $50,000  when  he  is  50  years 
old,  investing  his  money  yearly  at  6%  compound  interest? 

Ans.  $678.98. 

51.  A,  B,  and  C  formed  a  partnership  ;  A  put  in  $500  for 
8  months,  B,  $750  for  a  time  unknown,  and  C,  an  amount 
not  known  for  10  months;  what  were  B's  time  and  C's 
stock,  if  A  received  $580  for  his  stock  and  profit,  B,  $840 
for  his  stock  and  profit,  and  C,  $720  for  his  stock  and 
profit?  Ans.  B,  6 months;  C,  $600. 

52.  A  railroad  has  been  constructed  through  a  farm,  mak- 
ing it  necessary  to  build  fences  at  a  cost  of  $750,  which  must 
be  renewed  every  15  years;  what  should  the  owner  receive 
to  meet  this  expenditure,  at  6%  compound  interest? 

Ans.  $1287.Qli, 
32 
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58.  A  gentleman  having  4  sons,  left  the  youngest  $5000, 
the  eldest  $7200,  and  the  two  others  the  arithmetical  and 
geometrical  means  of  these  sums  respectively ;  what  were 
the  shares  of  the  other  sons?  Ans.  $6000  ;  $6100. 

54.  Two  adjoining  farms  rent  for  $400  a  year,  rent  being 
paid  in  the  one  case  semi-annually,  and  in  the  other  quar- 
terly ;  what  would  be  the  difference  in  the  amount  of  the 
rent  of  each  for  25  years,  int.  S%  ?  Ans.  $689.81. 

55.  Mr.  Smith  bought  a  house  for  $3000,  agreeing  to  pay 
for  it  in  annual  payments  of  $500  each ;  but  finding  himself 
unable  to  make  the  payments,  and  having  the  reversion  of 
a  perpetuity  in  12  years,  he  makes  an  agreement  with  bis 
creditors  to  pay  the  whole  amount  with  compound  interest 
at  6%  when  he  enters  upon  his  perpetuity;  what  amount 
will  then  be  due  ?  Am.  $6036.59—. 

56.  Two  drovers  met  on  the  road,  when  one  said  to  the 
other,  Give  me  one  of  your  steers  and  I  shall  have  twice  as 
many  as  you  then  have.  But,  replied  the  other,  if  you  give 
me  one  of  yours,  I  shall  have  las  many  as  you.  How  many 
had  each  ?  Ans,  1 ;  5. 

57.  A  man  gave  me  his  note  for  $500,  payable  in  8  years, 
interest  at  6%;  if  he  pays  the  interest  annually,  to  what  rate 
is  this  equivalent,  if  the  same  amount  of  interest  had  been 
paid  at  the  end  of  the  time  ?  Ans,  T^%. 

58.  A  tailor  bought  50  yards  of  broadclolh  If  yards  wide, 
but  on  sponging,  it  shrunk  5%  in  width,  and  5%  in  length; 
to  tine  it  he  bought  flannel  1^  yards  wide,  which  shrunk  1 
yard  for  every  20  yards  in  length  and  -^^  of  a  yard  in  width; 
how  many  yards  of  flannel  are  required  ?      Ans,  57^  yd. 

59.  A  planter  hired  75  persons  for  $90,  giving  the  men 

$3,  the  women  $1^,  the  boys  $1,  and  the  girls  $|  a  day  ;  how 

many  were  there  of  each  ? 

.        (21,     6,     6,   42:   18,   12,   36,     9: 
^^^-  ll9,   11,   18,  27:  15,  24,   18,   18. 

60.  Ill  turning  a  cart  within  a  circle,  it  was  observed  that 
the  outer  wheel  made  two  turns  while  the  inner  made  but 
one ;  the  wheels  were  each  three  feet  high,  and  the  axle-tree 
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4^   feet   long ;    what   was  the  circumference  of  the  track 
degcribed  by  the  outer  wheel  ?  Ans,  56.548 -f  feet. 

01.  A  person  went  to  a  store,  borrowed  as  much  money 
as  he  had,  and  spent  16  cents;  he  then  went  to  a  second 
store,  borrowed  as  much  as  he  then  had,  and  spent  16  cents; 
he  repeated  this  at  a  third  and  fourth  store,  and  then  had  no 
money  remaining;  how  much  had  he  at  first?     Ans.  15/. 

02.  Three  persons  took  a  house  in  partnership  for  a  year 
at  a  rent  of  $750 ;  at  the  expiration  of  three  months  they 
took  in  three  more  tenants,  and  at  the  end  of  every  three 
months  till  th£  expiration  of  the  time  they  took  in  four  more  ; 
how  much  should  one  of  each  class  pay  ? 

Ana.  S125||;  $63^;  $32f ;  $13^. 

03.  S150.  MiLLERSVlLLE,  J  AN.  22,  1875. 

For  value  received^  I  promise  to  pay  H,  S.  Snyder^  or 

order,  on  demand,  Seven  Hundred  and  Fifty  Dollars,  with- 

mit  defalcation,  I.  Reimel. 

Indorsements:  March  1,  $50;  June  11,  $200;  July  10,.$25;  Sept.  9, 
$250;  Dec.  1,  $150. 

What  is  due  Jan.  1,  1876  ?  Ans.  $102.40. 

0:1.  A  and  B  set  out  from  the  same  place  and  traveled  in 
the  same  direction,  A  at  the  rate  of  20  miles  a  day.  After 
they  had  been  gone  4^  days,  A  goes  as  far  back  as  B  has 
traveled  in  that  time ;  he  then  turns,  and  pursuing  his  jour- 
ney, overtakes  B  25  days  from  the  time  they  set  out;  at  what 
rate  does  B  travel  ?  Ans.  15  miles  a  day. 

Oo.  A  general  drew  up  his  brigade  in  the  form  of  a  square 
and  had  one  man  left  over ;  but  receiving  a  reinforcement  of 
423  men,  he  was  able  to  increase  the  side  of  the  square  by 
4  men  ;  how  many  men  had  he  at  first?  Ans.  2602. 

00.  A  speculator  invests  $2120  in  grain,  including  4%  for 
freight  and  2%  for  commission,  then  sells  the  grain  at  20% 
advance  on  the  cost  price  for  a  note  at  60  days,  which  he 
gets  discounted  at  bank  at  6%,  and  repeats  this  operation 
every  10  days;  how  much  will  his  gains  amount  to  in  a 
month,  if  he  invests  the  whole  proceeds  each  time  ? 
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67.  I  have  a  garden  21^  rods  long  and  10^  rods  wide;  it 
is  surrounded  by  a  fence  1^  feet  high;  a  walk  is  laid  out 
wilhln  the  fence  which  is  7  J  feet  wide  at  the  sides  of  the 
garden,  and  6J  feet  wide  at  the  ends;  how  much  is  left  fur 
cultivation  ?  Ans.  53518 Jf  sq.  ft. 

68.  A  bath-tub  will  hold  100  gallons  of  water;  it  is  filled 
by  a  faucet  discharging  (JO  gallons  in  5  minutes,  and  emptied 
by  a  wiiste-pipe  discharging  46  gallons  in  4  minutes;  if  boiii 
are  opened  at  6  o^clock  in  the  morning,  and  then  the  waste 
pipe  closed  at  8  oV'lock,  at  what  time  will  the  tub  be  full  ? 

Anti.  8  h.  8  min.  20  sec.  a.  m. 

69.  A  tree  stands  exactly  opposite  the  front  door  of  my 
house,  which  looks  towards  the  northeast,  but  the  distance 
cannot  be  directly  measured  on  account  of  a  small  pond 
lying  between  them.  I  therefore  measure  60  yards  due  north 
from  the  front  door,  and  then  120  due  east,  when  I  find  1 
am  exactly  40  yards  to  the  north  of  the  tree  ;  what  is  the  dis 
tance  from  the  front  door  to  the  tree?     Ans,  121.65  yards. 

70.  Wishing  to  speculate  in  land,  I  obtained  at  a  bank  on 
my  note  payable  in  3  months  money  enough  to  buy  50  acres 
at  $75  per  acre,  and  also  borrowed  of  a  friend  sufiSeient  to 
buy  another  lot  of  the  same  size  and  value,  giving  my  note 
payable  on  demand,  interest  6'/^  ;  1  sold  both  lots  in  time  to 
take  up  my  note  at  bank  when  it  became  due,  and  found  that 
th(^  price  received  for  36  acres  would  pay  for  it.  What  did  I 
gain  by  my  speculation,  supposing  that  I  paid  my  demand 
note  at  the  same  time  as  that  in  bank?        Ans.  $2%1.94. 

71.  A  land-owner  who  held  his  lots  for  sale  at  $4  per  foot 
ground  rent,  agreed  with  a  tricky  builder  to  give  him  a 
bonus  of  $9000  cash  with  180  feet  of  his  lots,  taking  ground- 
rent  at  $1  per  foot  in  return.  The  builder  erected  10  houses 
upon  them,  costing  $2000  each,  and  then  sold  them  at  $1800 
cash  each,  subject  to  the  ground-rent ;  how  much -did  the 
builder  make  by  the  operation  ?  Ans.  $7000. 

72.  Bought  $5000  g()ld  @  113  on  Feb.  1,  paying  a  com- 
mission of  i%  ]  on  Feb.  25,  I  sold  it  at  li4g  ;  what  is  my 
gain,  interest  at  6  i^  ?  Ans.  $38.60. 
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78.  1  bought  a  6%  mortgage  for  $2500  at  5%  discoiint, 
with  two  years  to  run ;  what  interest  do  I  get  on  the  money  in- 
vested if  the  mortgage  is  satisfied  at  maturity?    Ans.  8jf  %. 

74.  A  is  enrolled  as  a  life-member  of  the  Fairmount  Park 
Art  Association  upon  contributing  $50  ;  at  the  same  time  B 
becomes  a  member,  and  for  20  years  makes  the  yearly  contri- 
bution of  $5  ;  at  the  end  of  this  period,  which  has  contribu- 
ted the  larger  sum,  interest  included?  Ans.  B,  $53. 

75.  The  **  Consolidated  Virginia "  silver  mine  rose  from 
94  to  590 ;  what  gain  per  cent,  was  this,  and  what  would  1 
have  made  if  I  had  held  750  shares?  ^y?s.52Tf|%;  $372,000. 

76.  Bought  50  shares  bank  stock  ($100)  at  108;  at  the 
end  of  5  yr.  6  mo.,  having  regularly  received  a  semi-annual 
dividend  of  5%,  I  sold  the  stock  at  110  ;  what  did  I  gain, 
money  worth  6%  compound  interest?         Ans,  $1229.01. 

77.  Buy  ground  "  in  fee  "  for  $400,  and  build  a  house  cost- 
ing $1000,  and  pay  for  them  by  subscribing  for  10  shares 
Building  Association,  new  series,  and  buying  a  loan  at  $60 
premium,  Net  plan.  If  I  rent  the  house  for  $15  a  month,  and 
pay  taxes  and  water  rent  equal  to  $3  a  month,  what  will  my 
house  cost  me  without  interest,  and  what  with  interest,  if  the 
series  runs  out  in  10  years  ?  Ans,  $600  ;  $781.50. 

78.  Bought  a  check  on  a  suspended  bank  at  75%,  and  ex- 
changed it  for  railroad  bonds  of  the  same  nominal  value  at 
85%,  bearing  7%  interest;  what  rate  of  interest  do  I  receive 
on  my  investment?  Ans,  9^%. 

79.  Four  men  agree  to  perform  a  certain  piece  of  work  for 
$428.  A,  B,  and  0  can  do  it  in  24  days ;  B,  C,  and  D  in  30 
days  ;  A,  C,  and  D  in  35  days  ;  and  A,  B,  and  D  in  42  days: 
what  share  of  the  money  should  each  receive? 

Ajis,  a,  $92;  B,  $140;  C,  $188  ;  D,  $8. 

80.  There  are  two  clocks,  one  of  which  gains  30  seconds 
a  day  and  the  other  loses  25  seconds.  If  the  pendulums  beat 
together  when  both  clocks  indicate  exactly  6  o^clock,  what 
time  does  each  show  when  they  next  beat  together  ? 

Ans.  1st.,  26  min.  llj^sec.  past  6;  2d,  26  min.  10^*^  sec 
past  6. 
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81.  A  merchaut  bou<»:bt  15  pieces  of  cloth,  each  coQtaiuing 
20  yards,  @  $5^,  on  a  credit  of  8  mo.,  aud  sold  ihem  @  $6^, 
on  a  credit  of  3  uio  ;  what  was  his  cash  gain  at  6%  ? 

Ans,  $295  92. 

82.  Two  girls,  each  10  years  old,  receive  legacies  from  a 
relative;  the  sum  left  to  the  first  is  invested  at  8%  simple 
interest,  and  the  sum  left  to  the  second  at  6%  compound 
interest,  and  each  investment  will  amount  to  $5000  when  the 
owner  is  18  years  old  ;  what  were  the  legacies  ? 

Ann.  1st,  $3048.78  ;  2d,  $3137.06. 

83.  IIow  many  cannon  balls,  6  inches  in  diameter,  are 
contained  in  a  cubical  vessel  whose  side  measures  2  feet,  and 
how  many  gallons  of  water  will  it  hold  after  it  is  filled  with 
the  balls  ?  Ans.  64  balls  ;  28.5  gal. 

84.  How  many  cannon  balls,  8  inches  in  diameter,  are 
contained  in  a  cubical  vessel  whose  side  measures  6  feet,  and 
how  many  gallons  of  ale  can  be  poured  in  after  the  vessel  is 
filled  with  balls,  each  ball  containing  a  hollow  5  inches  in 
diameter,  and  the  opening  containing  1^  cubic  inches  ? 

Ans.  729  balls;  803.6237  gal. 

85.  Four  men  buy  a  grindstone  32  inches  in  diameter,  with 
a  square  hole  whose  diagonal  is  4  inches;  if  each  grinds  off 
his  share  in  turn,  how  much  of  the  semi-diameter  will  each 
one  take  ?    Ans,  2.108  in. ;  2.4905  in.;  3.2165  in.;  6.185  in. 

86.  A  father  left  $61,248  to  be  divided  among  his  four 
sons,  aged  respectively  16,  14,  12,  and  10  years,  so  that  their 
respective  shares  being  invested  at  10%  simple  interest,  shall 
amount  to  the  same  sum  when  they  become  21  years  old  ; 
what  was  the  share  of    each  ? 

Ans.  $18,088  ;  $15,960  ;  $14,280 ;  $12,920. 

87.  Two  men  in  Philadelphia  hired  a  carriage  for  $25  to 
go  to  Trenton,  a  distance  of  30  miles,  and  back,  with  the 
privilege  of  taking  in  three  more  persons.  At  Bristol,  19 
miles  from  Philadelphia,  they  take  in  Mr.  Jones;  at  Trenton 
they  take  in  Mr.  Newell ;  and  15  miles  from  Philadelphia 
they  take  in  Mr.  Stokes;  what  is  each  one^s  share  of  the 
cost?'  Ans.  $8.29H;  $4.34^^;  $2.81  J  ;  $1.25. 
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88.  Sold  for  %  of  consignor  on  September  3,  $5230.43  od 
4  months ;  Sept.  10,  $437  for  cash  ;  October  15,  $3130.37 
on  60  days  ;  Sept.  2,  paid  freight  on  this  stock,  $97-46^  and 
our  commission  for  selling  is  5%  ;  what  is  dneto  consignor, 
and  when  shall  the  proceeds  be  remitted  ? 

Ans.  $8830.45 ;  Dec.  22. 

89.  Mr.  Green  took  20  shares  in  a  building  association 
which  runs  out  in  10  years ;  Mr.  Gray  bought  a  6%  mort- 
gage at  3.2%  discount,  interest  payable  annually,  for  a  sum 
which  will  give  the  same  interest  as  the  periodic  payment  on 
20  shares  for  10  years  ;  if  the  mortgage  is  paid  off  in  10 
years,  which  of  the  two  realizes  the  larger  sum  on  his  equal 
investment?  Ans,  Green,  $1797.50. 

90.  A,  B,  and  C  are  to  travel  a  distance  of  40  miles  ;  A 
walks  at  the  rate  of  1  mile  an  hour,  B  2  miles  an  hour,  and  C, 
with  a  horse  and  buggy,  goes  8  miles  an  hour.  C,  at  the 
start,  takes  in  A  and  carries  him  so  far  that  if  he  returns  and 
meets  B,  and  takes  him  in,  they  will  get  to  the  end  of  the 
journey  at  the  same  time  that  A  does  ;  required  the  distance 
A  and  B  walk,  C  rides,  and  the  time  of  each  and  all. 

Ans.  A,  5ff  mi.;  B,  13||  mi.;  C,  80Jf  mi. ;  10^\  hours. 

91.  Paul  B.  Myers,  of  Philadelphia,  received  per  steamer 
Cynthia,  one  case  of  cigars,  Londres  brand,  marked  PBM:tj:l, 
containing  1000  1st  quality  @S55  ^M.,  1300  2d  quality  @ 
$45,  700  3d  quality  @  $35 ;  charge  for  case,  carting,  export 
duties,  etc.,  $12;  com,  2^%;  the  gross  weight  was  60  lb., 
tare,  15  lb.  Make  out  the  invoice  and  find  the  amount  of 
duty  @  $2.50  alb.,  and  25%  ad  valorem.  Ans,  $151. 

92.  NuRNBUBG,  April  3,  1874 

KuHN  Bros.,  Philadelphia, 
Bo't  of  GEO.  S.  ECKHARl  > 

F  B.        1  case. 

No.  48.        25  Musical  Boxes,  4  aire  @  20  Florin.  Fl. 

Com.  5%. 
Duty,  Case  and  Emb.  20 

Mus.  Inst.  Fl. 

$        @  30%=$ 

What  was  the  duty  in  currency,  gold  being  112  ? 


&oi 
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98.  At  what  time  betwueo  4  and  5  o'clock  do  tbe  bour 
Mid  miuulu  hittida  or  a  clock  poiui  iu  opposite  directions  ? 
Ann.  bi^\  mJDutes  past  4. 

9i.  At  what  timu  between  6  and  7  o'clock  do  tbe  bour 
uid  minute  bands  make  equal  angles  with  u  line  Trom  13  U 
6?  Ana.  Sl^g  mio.  pust  6. 

95.  A  murcbnnt  in  St  Petersburg  wishes  to  remit  sulGcieut 
money  to  Philadelphia  to  settle  a  debt  there  of  $5000.  If 
$1=1  rouble  40  i-opeuks,  direct  exchange,  and  1  rouble  25  i-o- 
peck3=4  reichsmarkd  in  Ilamburff,  2reichsiiiark3^1. 2  guild- 
era,  12  guilders=£l,  £1=$4.87  in  New  York,  and  exchange 
in  New  York  on  Philadelphia  is  i%  dlscouol;  which  will 
be  the  most  advantageous,  the  direct  exchange,  or  througli 
Uamburg,  Amsterdam,  London,  and  New  York? 

Ant.  The  circular,  599  roubles,  20.5  copecks. 

9tf.  What  is  the  balance  of  the  following  account,  aad  when 
will  it  become  due  ?  Ann.  Bal,  $747.25 ;  due  May  20. 

Dr.  a.  E,  Thomas  ih  account  with  K.  May,  Cr. 


1874. 

" 

- 

1374. 

T 

Jan.     H 

To  mJse. 

It  3  mps., 

m 

May    20  By  cash, 

547 -iO 

Feb.      1 

^1 

100  00 

Apr.    3( 

"    Bunrlri 

24.1 

Jll 

July    311  "   check. 

■M),m 

"   mdiki. 

(liOJiya, 

3„ 

H 

1 

91.  Required  the  cash  balance  of  the  following  account, 
July  I,  1875,  interest  6%.  Am.  $430.51. 

Dr.     Jambs  Gould  in  account  with  Robbbt  Ldtooi-h.     Cr. 


1875. 

1875.    1 

To  milae. 

n  2  BIOS.,   27.'i  00   Mar.    12  By  enah, 
'   3  rnoa.,   349  75   Mav    25   ■'      " 

100  00 

Mar.    15 

260'00 

ts,"i 

'  4mo3.,   420  00  June    30:"       " 

173'25 

"       " 

'   30  dn.,    127  35  July       1   "       " 

219:  Tr) 

98.  A   farmer  having  a  pair  of  good  oxen,   fully  shod, 
agreed  to  exchange  them  with  one  of  his  neighbor 
valuable  horge  on  the  following  terms:  for  the  0 
should  be  paid  for  tbe  firi^t  shoe,  2  for  tbe  second,  i 
in  geometrical  progression  for  all  the  shoes,  while  f 
horse  2  cents  should  be  paAdftn  \.\k«  &t%\  &Wi«,  < 


eighbors  for  a 

le  oxen  1  cent  i 

ond,  and  so  on  I 

while  for  the  1 

1, 4  for  the  sec-  ' 
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>ad,  and  so  on ;  which  brought  the  larger  price,  the  oxen  or 
the  horse  ?  Ans,  Oxen,  $655.05  more 

99.  Find  the  least  possible  whole  number  which  divided 
by  32  will  leave  25  for  a  remainder,  divided  by  25  will  leave 
19,  and  divided  by  19  will. leave  11.  Ans.  5369. 

100.  Required  the  least  three  numbers  which  divided  by 
15  will  leave  14  remainder,  divided  by  14  will  leave  13 
remainder,  and  so  on  to  unity. 

^ns.  360,359;  720,719;  1,081,079. 

101.  A  grocer  offers  to  take  a  young  man  into  partner- 
ship on  condition  that  if  he  advances  S2000  he  will  allow 
him  $620  per  annum  for  his  services  and  the  use  of  his 
money,  but  if  he  advances  $3000,  he  will  allow  $680 ;  what 
was  the  per  cent,  offered  for  the  use  of  the  money,  and  what 
the  salary  ?  Ans,  $500  ;  6%. 

102.  A  teacher  divided  prizes  to  the  amount  of  $50  among 
100  students,  giving  to  the  different  grades  prizes  worth  re- 
spectively $5,  S2^,  $1,  and  $^  each ;  required  the  number  of 
students  in  each  grade.        Ans.  1,  3,  18,  78;  1,  1,  24,  74. 

103.  A  gentleman  paid  $8000  for  a  house,  which  he  sells 
after  a  time  for  $10,705,808,  gaining  6  per  cent,  compound 
interest,  and  invested  the  money  in  a  perpetuity  commenc- 
ing in  9  years  from  the  time  he  bought  the  house;  what 
is  the  annuity,  and  how  long  did  he  own  the  house  ? 

Ans,  Annuity,  $810.98  ;  5  years. 

104.  Mr.  Framley,  having  an  estate  of  $8000,  disposed  of 
it  thus  by  his  will :  his  wife  wa'fe  to  receive  one-half,  and  the 
remainder  to  be  divided  between  his  two  children  in  such  a 
manner  that  their  shares  at  7%  simple  interest  should  amount 
to  the  same  sum  when  they  reached  the  age  of  21  years; 
their  ages,  at  the  time  of  their  father's  death,  were  10  yr. 
3  mo.  and  12  yr.  5  mo.  respectively ;  what  was  each  child's 
share  ?  Ans.  $1 909.54iff ;  $2090.45f ^. 

105.  A  takes  5  shares  of  a  new  series  in  a  building  ^feso- 
ciation  which  runs  out  in  9^  years;  B,  at  the  same  time, 
begins  to  deposit  $5  a  month  with  a  savings  bank,  at  4%, 
compounded  semi-annually,  interest  begmwVu^  ^\.NiXi^  ^\^^^\ 
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the  first  semi-annual  period  ;  at  the  end  of  9^  years  he  with- 
draws  his  savings  and  interest;  how  much  more  interest  docs 
A  receive  than  B,  and  what  is  the  equated  rate  %  on  each 
investment?         Ans.  $314.78;  A's,  15.74%;  B's,  4.22%. 

106.  Mr.  Johnson  has  a  garde;i  160  feet  long  and  105  feet 
wide  ;  he  wMshes  to  raise  the  surface  5  inches  by  using  the 
earth  taken  from  a  ditch  3  feet  wide  dug  around  it  within 
the  fence,  but  finds  that  this  earth  loses  10%  in  bulk  after 
being  spread  over  the  garden ;  what  must  be  the  depth  of 
the  ditch  ?  Ans,  4f  g-i  ft. 

107.  Three  men  buy  a  grindstone  27  inches  in  diameter, 
with  a  square  hole  whose  diagonal  is  3  inches,  paying  for  it 
$5.20,  of  which  A  paid  20%  more  than  B,  and  B  10%  more 
than  C  ;  what  part  of  the  diameter  must  each  grind  off,  A 
taking  his  share  first,  and  then  B,  and  what  did  each  pay  ? 

^ws.A,5.761in.,$2.00f^;  B,  6.423  in.,  $1.67y47^;  C,  11.816 

in.,    $1.52yfy. 

108.  Three  men,  Black,  White,  and  Gray,  bought  a 
conical  stack  of  hay,  but  finding  the  top  and  bottom  some- 
what damaged,  it  was  agreed  that  Mr.  Black,  who  took  the 
top,  should  have  10%  more  than  Mr.  White,  and  Mr.  Gray 
should  have  8%  more  than  Mr.  White.  The  stack  was  18 
feet  high  and  120  feet  in  circumference,  and  contained  7^ 
tons  at  $9  a  ton.  Required  the  amount  of  hay,  and  the  num- 
ber of  feet  of  the  height  of  the  stack  that  each  one  receives. 

Arts.  Black,  2 /^^^  tons,  12.636  ft.;  White,  2^|  tons,  3.038 
ft.;  Gray,  2ff  tons,  2.326  ft. 

109.  Mr.  Smith  and  Mr.  Johnson  rented  30  acres  of  pas- 
ture for  12  weeks,  Mr.  Smith  to  have  the  grass  then  on  the 
field,  and  Mr.  Johnson  what  grew  during  the  time  they 
rented  it;  how  many  horses  w^as  each  limited  to  pasture, 
and  how  much  should  each  pay,  if  3  acres  will  keep  12 
horses  4  weeks,  and  7  acres  will  keep  21  horses  8  weeks, 
the  whole  rent  being  $80? 

,    ^    (  Smith  keeps  20  horses,  and  pays  $20. 
'  (Johnson  keeps  60  horses,  and  pays  $60. 

110.  A    boy  carrying  apples  to  market  was  asked   how 
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many  he  had  ;  be  answered  that  he  had  not  counted  them, 
but  that  he  noticed  if  he  picked  them  up  2  at  a  time,  there 
was  1  left ;  if  he  picked  them  up  3  at  a  time,  there  were  2 
left ;  if  4  at  a  time,  there  were  3  left ;  if  5  at  a  time,  there 
were  4  left ;  if  6  at  a  time,  there  were  5  left ;  but  if  7  at  a 
time,  there  were  none  left ;  how  many  apples  did  the  boy 
have?  Ans,  119. 

111.  A  man  bought  in  1859  a  ticket  from  Jacksonville, 
Florida,  to  Boston  for  $35  ;  stopping  at  Charleston  he  paid 
a  hotel  bill  of  19  s.  8  d.,  and  bought  a  book  for  5  s.  8  d. ;  at 
New  York  he  paid  4  s.  for  a  visit  to  the  theatre,  3  s.  6  d.  for 
trifling  expenses,  and  a  hotel  bill  for  4  days  at  32  s.  per  day ; 
in  Boston  he  bought  a  hat  for  32  s  ,  spent  4^  hours  in  riding 
out  to  Mount  Auburn  and  other  places  of  interest  at  9  s.  an 
hour,  bought  some  photographs  for  2  s.  6  d.,  and  paid  a  hotel 
bill  of  45  shillings ;  he  was  then  obliged  to  borrow  from  a 
friend  to  pay  his  fare  to  Chicago ;  how  much  did  he  need  to 
borrow  if  the  fare  was  $25,  and  he  had  started  from  Jackson- 
ville with  $100  ?  A)is.  $2.36^. 

112.  On  April  24,  Mr.  Stanton  buys  20  shares  Pennsyl- 
vania R.  R.  at  6C^  regular,  and  100  shares  at  66|  b  30,  de- 
positing $400  as  a  margin.  On  May  1  a  privileged  subscrip- 
tion at  par  is  declared  of  1  share  for  every  six  registered  and 
one  for  any  fractional  part  of  six  shares,  which  he  takes  up 
May  2.  On  May  30  is  paid  a  semi-annual  dividend  of  5%  on 
the  stock  held  previous  to  May  1,  the  time  at  which  the  divi- 
dend is  declared.  On  May  10  he  sells  116  shares  (100  b  30 
and  16  new)  ex  div.  @  63^,  and  on  May  20  he  sells  24 
shares  (20  regular  and  4  new)  ex  div.  @  65.  Now  reckon- 
ing the  interest  on  the  money  invested  and  borrowed,  and 
the  brokerage  at  \%,  how  much  does  he  clear  upon  the  trans- 
action, and  what  per  cent,  does  he  make  upon  the  money  in 
vested  ?  Ans,  $149.78  ;  37.87f  |+  %. 
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The  Connecticut  and  Vermont  rules  for  Partial  Paymenta 
are  as  follows : 

CONNECTICUT  RULE. 

*'  Compute  tfie  interest  to  tlie  time  of  the  first  paymetUy  if  that  be  one  year  ^ 
more  from  the  time  that  interest  commenced  ;  add  it  to  the  principal.,  and  de- 
duet  the  payment  from  the  sum  total.  If  there  be  after  payments  made,  com- 
pute the  interest  on  the  balance  due  to  the  next  payment,  and  then  deduct  tfu 
payment  as  above  ;  and  i7i  like  manner  from  ofie  payment  to  another  tm  di 
the  payments  are  absorbed  ;  Pkovided,  th^  tim£  between  one  payment  and  an- 
other be  one  year  or  more.  But  if  any  payments  be  made  before  one  year^t 
interest  hath  accrued,  then  compute  the  interest,  or  the  principal  sum  due  to 
the  obligation,  for  one  year,  add  it  to  the  principal,  and  compute  the  intereit 
on  the  sum  paid,  from  the  time  it  was  paid  up  to  the  end  of  tfie  year  ;  add  it 
to  the  sum  paid,  and  deduct  that  sum  from  the  principal  and  interest  added 
as  above.* 

"Tjf  any  payments  be  made  for  a  less  sum  t?ian  the  interest  arisen  at  the 
time  of  such  payment,  no  interest  is  to  be  computed,  but  otUy  on  the  principal 
sum  for  any  period.*' — Kirby's  Reports. 

*NoTE. — **  If  a  year  does  not  extend  beyond  the  time  of  i)ayincnt ;  but 
If  it  does,  then  find  the  amount  of  the  principal  remaining  unpaid  up  to 
the  time  of  settlement,  likewise  the  amount  of  the  payment  or  payments 
from  the  time  they  were  paid  to  the  time  of  settlement,  and  deduct  the 
sum  of  these  several  amounts  from  the  amount  of  the  principal.*' 

VERMONT  RULE. 

I.  ^^When  payments  are  made  on  notes,  bills,  or  similar  obl^atUms, 
whether  payable  on  demand  or  at  a  specified  time,  with  interest,  such  paymeatt 

hall  be  applied ;  First,  to  liquidate  the  interest  that  fias  accrued  at 
the  tim^  of  such  payments,  and  Secondly,  to  the  extinguishment  of 

THE  PRINCIPAL. 

II.  ^^The  annual  interests  that  shall  remain  unpaid  on  noteSy  bills,  or  sim- 
ilar obligations,  whether  payable  on  demand  or  at  a  specified  time,  *with  inter- 
est annually,'  shall  be  subject  to  simple  interest  from  the  time  they  be- 
come due  to  the  time  of  final  settlement, 

III.  '''' If  payments  have  not  beenmadein  any  year,  reckoning  from  the  time 
such  annual  interest  began  to  accrue,  the  amcmnt  of  such  payments  at  the  end 
of  the  year,  with  interest  thereon  from  the  time  of  payment,  s?iall  be  applied; 
First,  to  liquidate  t?ie  simple  interest  that  has  accrued  from  the  un- 
paid ANNUAL  interests  ;  SECONDLY,  tO  LIQUIDATE  the  ANNUAL  INTER- 
ESTS  that   have   become   due;   Thirdly,  to  the  extinguishment   of  tht 

PRINCIPAL. 

Note. — The  New  Hampshire  Rule,  when  partial  payments  are  made  on 
notes  *"*■  with  interest  annually,*'  is  essentially  the  same  as  the  precedins:. 
But  "where  payments  are  made  expressly  on  account  of  interest  accruing 
but  not  then  due,  the^  are  applied  when  the  interest  falls  due,  ^Dith<r*t  V¥ 
terest  on  such  payments." 
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TABLE. 
Ammmt  qf$i  at  Compound  Interest  in  any  numbet  of  years. 


Yr. 

1 

2  per  cent..3>^  per  cent. 

3  per  cent. 

3}i  per  cent. 

4  per  cent. 

4)i  per  cent. 

t.03CX3  0000 

1.0350  0000 

1.0300  0000 

1.0350  0000 

1.0400  0000 

X.0450  0000  1 

3 

1.0404  0000 

1.0506  3500 

1.0609  000a 

1.0712  350Q 

1.0816  0000 

1.0920  2560 

3 

I.06I3  0800 

1.0768  9062 

1.0927  370a 

1.1087  1787 

1.1248  6400 

1.T411  661a 

4 

1,0834  3216 

1. 1038  1289 

1.1255  0881 

1.1475  3300 

1.1698  5856 

1.1935  i860 

■  5 

X.I040  8080 

1.1314  0831 

1.1592  7407 

1.1876  8631 

1.2166  5290 

1.3461  8104 

6 

1.1261  6243 

1.1596  9342 

1.1940  533a 

1.2293  5533 

1.2653  1902 

1.3032  6oi»  ' 

7 

I. I 486  8567 

1.1886  8575 

1.2298  7387 

1.3722  7926 

1.3159  3178 

1.3608  6183 

8 

i.i7»6  5938 

1.2184  0290 

1.2667  7008 

1.3168  0904 

1.3685  6905 

1.4331  0061 

9 

1. 1950  9257 

1.2488  6297 

1-3047  7318 

1.3628  97:j5 

1.4233  1181 

1.4860  9514 

lO 

1.3189  9442 

1.2800  8454 

1.3439  1638 

1.4105  9876 

1.4802  4438 

1.5529  6942 

11 

1.2433  7431 

1.3130  8666 

1.3843  3387 

1.4599  6972 

1.5394  5406 

1.6228  5305 

12 

1.2682  4179 

1.3448  8883 

1.4257  6089 

1.5110  6866 

1.6010  3333 

1.6958  8143 

13 

1.2936  0663 

1.3785  1104 

1-4685  3371 

1.5639  5606 

1.6650  7351 

1.7721  961c 

t4 

1.3194  7876 

1.4129  7382 

1.5125  8973 

1.6186  9452 

1.7316  7645 

1.8519  4492 

15 

1.3458  6834 

1.4483  9817 

'•5579  6742 

1.6753  4883 

1.8009  4351 

1.9357  8244 

i6 

1.3727  8570 

1.4845  0562 

1.6047  0644 

1.7339  8604 

1.8739  8125 

3.0333  7015 

»7 

1.4003  4143 

1.5216  1826 

1.6538  4763 

1.7946  7555 

1.9479  0050 

3.1133  7681 

i8 

1.4282  4635 

1.5596  5872 

1.7024  3306 

1.8574  8920 

2.0358  1652 

3.3084  7877 

»9 

1.4568  I 117 

1.5986  5019 

1.7535  0605 

1.9225  0133 

3.1068  4918 

3.3078  6031 

•iO 

1.4859  4740 

1.6386  1644 

1.8061  1133 

1.9897  8886 

3.1911  2314 

3.4117  1403 

31 

1.5156  6634 

1.6795  8185 

1.8602  9457 

3.0594  3147 

2.2787  6807 

2.5203  4T16 

33 

1.5459  7967 

1.7215  7140 

1.9161  0341 

3.1315  1158 

2.3699  1879 

2.6336  5201 

93 

1.5768  9926 

1.7646  1068 

1.9735  8651  3.2061  1448 

2-4647  1555 

2.7521  7635 

a4 

1.6084  3725 

1.8087  3595 

3.0327  9411  3.3833  2849 

2.5633  0417 

2.8760  1383 

as 

1.6406  0599 

'.8539  4410 

2.0937  7793 

2.3632  4498 

3.6658  3633 

3.0054  3446 

a6 

1.6734  1811 

X.9003  9370 

2.1565  0127 

3.3312  8901 

a.4459  5856 

a.  7734  6979 

3.1406  7901 

'? 

1.7068  8648 

1.9478  0003 

2.5315  6711 

2.8833  6858 

3.3820  0956 

38 

1.7410  3431 

1.9964  950a 

a.3879  2768 

2.6201  7196 

2  9087  0332 

3.4296  9999 

39. 

1-7758  4469 

3.0464  0739 

2.3565  6551 

2.71 18  7798 

3.1186  5145 

3.5840  3649 

30 

1.8113  6158 

2.0975  6758 

2.4272  6247 

2.8067  9370 

3-2433  9751 

3.7453  1813 

31 

1.8475  888a 

a. 1500  0677 

2.5000  8035 

a. 9050  3148 

3.3731  3341 

3.0138  5745 

32 

1.8845  4059 

2.2037  5694 

2.5750  8276 

3.0067  0759 

3.5080  5875 

4.0899  8104 

33 

1.9232  3140 

a.3588  5086 

2.6523  3524 

3.1 1 19  4235 

3.6483  81 10 

4.3740  3018 

34 

1.9606  7603 

a.3153  2213 

a.  7319  0530 

3.23o8  6033 

3-7943  1634 

4.4663  6154 

35 

1.9998  8955 

2.373a  0519 

2.8138  62^5 

3-3335  9045 

3.9460  8899 

4.6673  4781 

36 

3.0398  8734 

2.4325  3532 

3.8983  7833 

3.4503  6611 

4.1039  3255 

4.8773  7846 

37 

3.0806  8509 

2.4933  4870 

3.985a  3668 

3.5710  3543 

4.3680  8986 

5.0968  6040 

38 

3.1333  9879 

a. 5556  8242 

3.0747  8348 

3.6960  1132 

4.4388  1345 

5.336a  1921 

39 

2.1647  4477 

2.6195  7448 

3.1670  3698 

3.8253  7171 

4.6163  6599 

5.5658  9908 

40 

3.3080  3966 

a.6850  6384 

3.3630  3779 

3.9592  5972 

4.8010  3063 

5.8163  6454 

41 

3.3533  0046 

a.75ai  9043 

3.3598  9893 

4.0978  3381 

4.9930  6145 

6.0781  0094 

42 

2.2973  4447 

a. 8209  9530 

3.4606  9589 

4.2412  5799  5.1927  8391 

6.3516  1548 

43 

2.3431  8936 

2.8915  3008 

3.5645  1677 

4.3897  0202  5.4004  9527 

6.6374  3818 

44 

2.3900  5314 

3.9638  0808 

3.6714  5227 

4.5433  4160 

5.6165  1508 

6.9361  2290 

45 

2.4378  5421 

3.0379  0338 

3.7815  9584 

4.7033  5855 

5.8411  7568 

7.2482  4843 

46 

2.4866  1 1 29 

3.1 138  5086 

3.8950  4372 

4.8669  41 10 

6.0748  3371 

7.5744  1961 

47 

2.536?  4351 

3.1916  9713 

4.01 18  9503 

5.0372  8404 

6.3178  1562 

7.9152  6849 

48 

2.5870  70.19 

3.2714  8956 

4.1322  5188 

5.2135  8898 

6.5705  2824 

8.2714  5557 

49 

3.6388  1179 

3.3532  7680 

4.2562  1944 

5.3960  6459 

6.8333  4937 

8.6436  71U7 

50 

2.6915  S803 

3.4371  087a 

4.3839  0603 

5  5849  2686  7.1066  8335 

9.0336  3637 

5" 

2.7454  1979 

3.5230  3644 

4.5154  2320 

5.7803  9930 

7.3909  5068 

9.4391  0490 

52 

3.8003  2819 

3.6T11  1235 

4  6508  8590 

5.9827  1327 

7.6865  8871 

9.8638  6463 

53 

2.8563  3475 

3.7013  9o>6 

4.7904  1247 

6. 192 1  0824 

7.9940  5336 

10.3077  3853 

54 

2.9134  6144 

3-7939  "491 

4.9341  2485 

6.4088  3202 

8.3138  1435 

10.7715  8077 

55 

2.9717  3067 

3.8887  7303 

5.0821  4859 

6.6331  4114 

8.6463  669a 

11.3563  0817 

(509) 


610 


APPENDIX. 


TABLE. 
Amount  o/$\  ai  Compound  Interest  in  any  number  of  y^urt^ 


Yr. 

I. 

5  per  cent. 

6  per  cent. 

7  per  cent. 

8  percent. 

9  per  cent. 

10  per  cent. 

1.0500  000 

1.0600  000 

Z.0700  000 

1.0800  oco 

1.0900  000 

1. 1000  000 

a 

I. 1025  000 

1.1236  000 

1.1449  000 

1.1664  000 

1.1881  000 

1. 2100  000 

3 

1.1576  250 

1. 1910  160 

1.2350  4^0 

1.2597  ^20 

1.2950  290 

I. 3310  000 

4 

1.2155  063 

X.2624  770 

1.3107  960 

1.3604  890 

1.4115  816 

1.4641    OO"} 

5 

1.2762  816 

1.3383  256 

1.4035  517 

1.4693  281 

1.5386  240 

1. 6105  100 

6 

1.3400  956 

1.4185  191 

1.5007  304 

1.5868  743 

1. 6771  001 

1.7715  610 

7 

1.4071  004 

1.5036  303 

1.6057  815 

1.7138  243 

1.8280  391 

1.9487  171 

8 

^•4774  554 

1.5938  481 

1.7181  862 

1.8509  302 

1.9925  626 

2.1435  888 

9 

1.5513  282 

1.6894  790 

1.8384  592 

1.9990  046 

2.1718  933 

2.3579  477 

lO 

1.6288  946 

1.7908  477 

1.9671  514 

3.1589  250 

2-3673  637 

2.5937  425 

II 

1.7103  394 

1.8983  986 

2.1048  520 

2.3316  390 

2.5804  264 

2.8531  167 

12 

1.7958  563 

2.0121  965 

2.2521  916 

2.5181  701 

2.8126  648 

3.1384  284 

13 

1.8856  491 

2.1329  283 

3.4098  450 

3.7196  237 

3.0658  046 

3.4522  712 

»4 

1.9799  316 

2.2609  ^^ 

2.5785  342 

2.9371  936 

3.3417  270 

3.7974  983 

15 

3.0789  382 

2.3965  582 

3.7590  315 

3.1721  691 

3.6424  825 

4.1772  482 

i6 

2.1828  746 

2.5403  517 

3.9521  638 

3.4259  426 

3.9703  059 

4.5949  730 

7 

2.3920  183 

2.6927  728 

3.1588  152 

3.7000  181 

4.3276  334 

5.0544  703 

i8 

2.4066  192 

2.8543  392 

3.3799  323 

3.9960  195 

4.7171  204 

5.5599  »73 

»9 

2.5269  502 

3-0255  995 

3.6165  275 

4.3157  oil 

5.1416  613 

6.1159  390 

20 

2.6533  977 

3-2071  355 

3.8696  845 

4.6609  571 

5.6044  108 

6,7275  000 

21 

2.7859  626 

3.3995  636 

4.1405  624 

.5.0338  337 

6.1088  077 

7.4002  499 

22 

2.9252  607 

36035  374 

4.4304  017 

5.4365  404 

6.6586  004 

8.1402  749 

23 

3.0715  238 

3.8197  497 

4.7405  299 

5.8714  637 

7.2578  745 

8.9543  024 
9.8497  327 

24 

3.2250  999 

4.0480  346 
4.39x8  707 

5.0723  670 

6.3411  807 

7.91 10  832 

85 

3.3863  549 

5.4274  3a6 

6.8484  75a 

8.6930  807 

10^347  059 

36 

3.5556  727 

4-5493  830 

5.8073  529 

7.3963  53a 

9-399»  579 

XX.9X8X  76s 

27 

3.7334  563 

4.8223  459 

6.2138  676 

7.9880  615 

10.3450  821 

13. 1099  942 

28 

3.9201  291 

5.1116  867 

6.6488  384 

8.6271  064 

11.1671  395 

14.4209  936 

29 

4.1161  356 

5.4183  879 

-    7.»M2  571 

9.3172  749 

12.1731  821 

z 5.^630  939 

30 

4.3219  424 

5.7434  912 

7.6122  550 

10.0626  569 

13.2676  785 

17.4494  023 

31 

4.5380  395 

6.0881  oc6 

8.I45I    120 
8.7152    708 

10.8676  694 

14.4617  695 

«9-i943  425 

32 

4.7649  415 

6.4533  867 

11.7370  830 

15.7633  a88 

21.1137  768 

33 

5.0031  885 

6.8405  899 

9.3253    398 

12.6760  496 

17.1820  384 

a3-225i  544 

34 

5.2533  480 

7.2510  253 

9.9781    135 

13.6901  336 

1 8. 7284  109 

25.5476  699 

35 

5.5160  154 

7.6060  868 

10.6765    815 

14.7853  443 

ao.4139  679 

38.Z024  369 

36 

5.7918  161 
6.0814  069 

8.1472  520 

11.4239   423 

15.9681  718 

23.3512  350 

30.9x26  805 

37 

8.6360  871 

12.2236   181 

17.2456  256 

24.2538  353 

34.0039  486 

38 

6.3854  773 

9.1542  534 

13.0792    714 

18.6252  756 

36.4366  805 

37.4043  434 

39 

6.7047  512 

9-7035  075 

13.9948   204 

30.1153  977 

28.8159  817 

41.1447  778 

40 

7.0399  887 

10.2857  179 

14.9744    578 

31.7245  215 

31.4094  200 

45.259a  556 

41 

7.3919  882 

10.9028  610 

16.0226   699 

23.4624  832 

34.2362  679 

49.7851  811 

42 

7.7615  876 

11.5570  327 

17.1442    568 

25.3394  819 

37- 3 » 75  320 

54.7636  992 

43 

8.1496  669 

12.2504  546 

18.3443    548 

27.3666  404 

40.6761  098 

60.2400  692 

44 

8.5571  503 

12.9854  819 

19.6284   596 

20.5559  7' 7 

44.3369  597 

66.3640  761 

45 

8.9850  078 

13.7646  108 

21.0024   518 

31.9204  494 

48.3273  861 

72.8904  837 

46 

9-4342  582 

14.5904  875 

23.4726  334 

34.4740  853 

52.6767  419 

80.1795  sax 

47 

9.9059  711 

15.4659  167 

34.0457  070 

37.3320  122 

57.4 » 76  486 

88.X974  853 

48 

10.4012  697 

16.3938  717 

25.7289  065 

40.2105  731 

63.5853  370 

97.0x7a  338 

49 

10.9213  331 

17.3775  040 

27-5299  300 

43-4274  190 

68.2179  083 

X06.7X89  573 

50 

"•4673  998 

18.4201  543 

29.4570  251 

46.9016  125 

74.3575  aoi 

XX  7.3908  539 

5» 

12.0407  698 

19.5253  635 

31.5190  168 

50.6537  415 

81.0496  969 

X 29. 1 399  383 

52 

12.6428  083 

ao.6968  853 

33-7253  480 

54.7060  408 

88.3441  696 

X  43.0439  330 

53 

>  3.2749  487 

21.9386  985 

36.0861  324 

59.0825  241 

96.2951  449 

X  56.3473  353 

54 

13.9386  961 

23.2550  204 

38.6121  509 

63.8091  260 

104.9617  079 

X7X.87X9  477 

55 

14.6356  309 

24.6503  216 

41.3150  015 

68.9138  561 

114.4082  616 

1 89.059  X  435 
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TABLE 


Showings  the  present  value  qf$\  per  annutn/rotM  i  yr»  to  55. 


Yr. 

4  per  cent. 

5  per  cent. 

6  per  cent. 

7  per  cent. 

8  per  cent. 

10  per  cent. 

t 

.961538 

.952381 

.943396 

-934579 

.925926 

.909091 

3 

1.886095 

1.859410 

1.833393 

X.8.8018 

1.783265 

1.735537 

3 

2.775091 

2.723248 

2,673012 

2.624316 

2.577097 

2.486852 

4 

3.629895 

3-54.5951 

3.465106 

3.387211 

3.312127 

3.169865 

5 

4.451822 

4-329477 

4.212364 

4.X00197 

3.992710 

3.790787 

€ 

5.242137 

5.075693 

4-917324 

4.766540 

4.622880 

4.355261 

7 

6.002055 

5.786373 

.5.582381 

5-389289 

5.206370 

4.868419 

8 

6.732743 

6.4632:3 

6.209794 

5.971299 

5.746639 

5.334926 

9 

7435332 

7.107822 

6.801692 

6.515233 

6.246888 

5.759024 

ic 

8. I I 0896 

7-721735 

7.360087 

7.023582 

6.710081 

6.144567 

IX 

8.760477 

8.306414 

7.886875 

7.498674 

7-138964 

6.495061 

12 

9-385074 

8.863252 

8.383844 

7.942686 

7.536078 

6.813692 

'3 

9.985648 

9-393573 

8.852683 

8.357651 

7.903776 

7.103356 

14 

10.563123 

9  898641 

9*294984 

8.745468 

8. 244-^37 

7.366687 

«5 

11.X18387 

X0.37965S 

9.712249 

9.107914 

8.559479 

7.606080 

x6 

11.652296 

10.837770 

X0.105895 

9.446649 

8.85x369 

7.823709 

U 

12.165669 

11.274066 

10  ^77260 

9.763223 

9.121638 

8.021553 

12.659297 

11.689587 

10.827603 

10.059087 

9.371887 

8.2014x2 

»9 

13-133939 

X2.085321 

ix.r58ii6 

10.335595 

9.603599 

8.364920 

30 

13.590326 

X  2.4622x0 

11.469921 

10.594014 

9.818147 

8.513564 

21 

14.029160 

12.82XX53 

11.764077 

10.835527 

10.016803 

8.648694 

33 

14.4511x5 

X3. 163003 

12.041582 

IT. 061 24 1 

IC.200744 

8.771540 

«3 

14.856842 

13-488574 

12.303379 

11.272187 

10.371059 

8.683218 

24 

15.246963 

13-798642 

12.550358 

XI. 469334 

10.528758 

8.984744 

25 

15.622080 

14-093945 

12.783356 

11.653583 

10.674776 

9.077040 

26 

15.982769 

14-375185 

13.003166 

11.825779 

.10.809978 

9.160945 

27 

16.329586 

14.643034 

13.2x0534 

IX. 986709 

10,935165 

9.237223 

28 

16.663063 

14.898127 

13.406x64 

12.137111 

11.051U78 

9.306567 

39 

16.983715 

15.141074 

13-590721 

12.277674 

11.158406 

9  369606 

30 

17.292033 

15-372451 

13.764831 

12.409041 

11-257783 

9.426914 

31 

17.588494 

15.5928x1 

13  929086 

12  531814 

11.349799 

9.4790x3 

32 

17-873552 

X  5.802677 

14.084043 

12.646555 

11.434999 

9.520376 

33 

18.147646 

16.003549 

14.230230 

12.753790 

11.513888 

9-569432 

34 

x8. 41x198 

X  6. 192904 

14  36814X 

12.854009 

11  586934 

9.608575 

35 

18  664613 

16.374194 

14.498246 

12.947672 

XI. 654568 

9.644159 

36 

18.908282 

x6. 546352 

14.620987 

13.035208 

11-717193 

9.676508 

3? 

19.142579 

16.711287 

14.736780 

13.117017 

11.775179 

9.705917 

38 

19.367864 

16.867893 

14.846019 

13.193473 

11.828869 

9.732651 

39 

19.584485 

17.017041 

14.949075 

13.264928 

11.878582 

9.756956 

40 

29.792774 

17-159086 

15.046297 

13.331709 

11.924613 

9.779051 

4» 

19-993052 

17.294368 

15. 138016 

13.394120 

11-967235 

9-799137 

42 

20.185627 

17.423208 

15.224543 

13.452449 

12.0066^9 

9-817397 

43 

20.370795 

17545912 

I5.3'>6i73 

13.50^962 

12.043240 

9-833998 

44 

20.548841 

X  7.662773 

15.383182 

13-5579^8 

12.077074 

9.^49069 

45 

20.720040 

17-774070 

15.455832 

13.605522 

12.108402 

9.86^808 

46 

20.884654 

X  7.880067 

15.524370 

X3.65002O 

12.137409 

9.875280 

47 

21.042936 

17.981016 

X5.589028 

13.691608 

12.164^67 

9.886618 

48 

2X.19513X 

18.077158 

X  5.65002 7 

13-730474 

12.189136 

9.896926 

49 

21.341472 

18.168722 

15.707572 

13.766799 

X2.212163 

9  906296 

50 

21.482x85 

iS.255925 

X5.76186X 

13.800746 

12.233485 

9.914814 

51 

8X.6I7485 

18.338977 

15.813076 

13.832473 

12.253227 

9.922559 

52 

2X. 747582 

18.418073 

15.861393 

X3.862124 

12.271506 

9.929599 

53 

8X.872675 

18.493403 

15-906974 

13.889836 

12.988432 

9-935999 

54 

21.992957 

18.565146 

15-949976 

13-915735 

12.304103 

9.941817 

55 

22.X08612 

18.633472 

15-990543 

13.939939 

13.3186x4 

9.947107 

J 

512 
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TADI.E 

Showing  the  valu*t  of  Annuititx  on  Single  Lives ^  according  to  the  CmrUtli 

Table  of  Mortality, 


Age. 

4  per  ct. 

5  per  ct. 

6  per  ct. 

7  perct. 

Age. 
5a 

4  perct. 

5  perct. 

6  per  ct. 

7  perct 

o 

14.28164 

12.083 

10.439 

9.177 

12.25793 

".154 

10.208 

9.392 

X 

16.55455 

13995 

12.078 

10.605 

53 

11.94503 

10.892 

9.988 

9.205 

2 

17.726.6 

14.983 

12.925 

X  1.342 

54 

11.62673 

10.624 

9.761 

9.011 
8.807 

3 

18.71508 

15.824 

13.652 

11.978 

55 

11.29961 

10.347 

9-524 

4 

19.23133 

it>..i7i 

14.042 

12.322 

56 

10.96607 

10.063 

9.280 

8.595 

5 

19.59203 

16.590 

14.325 

12.574 

57 

1062559 

9-771 

0.027 
8.772 

8.375 

6 

19.74502 

16.735 

14.460 

12.698 

58 

10.28647 

9-478 

8.153 

7 

19.79019 

16.790 

14.518 

12.736 

59 

9-96331 

9.199 

8.529 

7.940 

8 

19.76443 

16.786 

14.526 

12.770 

60 

9.66333 

8940 

8.304 

7-743 

9 

19.69114 

16.742 

14.500 

12.754 

6( 

9.39809 

8.713 

8.108 

7.572 

lO 

19-58339 

16.669 

14.448 

12.717 

62 

0.13676 

8.87150 

8.487 

7.913 

7.403 

II 

19.45857 

16.581 

14.384 

12.669 

63 

8.258 

7.714 

7.229 

12 

19-33493 

16.494 

14.321 

12.621 

64 

8.59330 

8.016 

7.502 

7.04i 

13 

19.2^937 

16.406 

14.257 

12.572 

65 

8.30719 

7.765 

7.281 

6.847 

'4 

19.08182 

16.316 

14.191 

12.522 

66 

8.00966 

7.503 

7.049 

6.641 

15 

18.95534 

16.227 

.  '4.126 

12.473 

67 

7.69980 

7.227 

6.803 

6.431 

i6 

18.83636 

16.144 

14.067 

12.429 

68. 

7-37976 

6.941 

6.546 

6.189 

»7 

18.72111 

16.06b 

14.012 

12.380 
12.348 

69 

7.04881 

6.643 

6.277 

5.945 

i8 

18.60656 

15-987 

13.956 

70 

6.70936 

6.336 

5.998 

5.690 

»9 

18.48649 

15.904 

13.897 

12.305 

71 

6.35773 

6.C15 

5704 

5.420 

20 

18.36170 

15.817 

13.835 

12.259 

72 

6.02548 

5.711 

5-424 

5.162 

21 

18.23196 

15.726 

13.769 

12.210 

73 

5.72465 

5.435 

5.170 

4.927 

22 

18.09386 

15.628 

13697 

12.156 

74 

5.4581a 

5.190 

4.944 

4.7*9 

23 

17.95016 

15.525 

13.621 

12.098 

75 

5.23901 

4.9^=9 

4.760 

4.549 

24 

17.80058 

15.417 

13.541 

ia.037 

76 

5.02399 

4.792 

4.579 

4382 

25 

17.64486 

15.303 

13-456 

1 1.972 

77 

4.82473 

4.609 

4.410 

4.227 

26 

17.48566 

15.187 

13.368 

11.904 

78 

4.62166 

4.422 

4.238 

4.067 

27 

17.32023 

15.065 

13-275 

11.832 

79 

4-39345 
4.i8.t89 

4.210 

4.040 

3.883 

28 

17.15412 

14.942 

13.182 

11.759 

80 

4.015 

3.858 

3.713 

29 

16.99683 

14.8.^7 

13.096 

11.693 

81 

3.95309 

3.799 

3.656 

3.523 

30 

16.85215 

14.723 

13.020 

11. 636 

82 

3.74634 

3.606 

3.474 

3.352 

31 

16.70511 

14.617 

12.942 

11.578 

83 

3.53409 

3.406 

3.286 

3.174 

32 

16.55246 

14.506 

i2.b6o 

11.516 

84 

3.35'856 

3.21X 

3.102 

2.999 
3.815 

33 

16.39072 

14.387 

12.771 

11.448 

85 

3.11515 

3.009 

3909 

34 

16.21943 

14.260 

12.675 

11.374 

86 

a.92831 

2.830 

a.739 

3.652 

35 

16.04123 

14.127 

12.573 

11.295 

87 

2.77593 

2.685 

a.599 

a.519 

36 

15.85577 

13.987 

12  465 

11.211 

88 

2.68337 

2.597 

a.515 

2  439 

37 

15.66386 

13.843 

12.354 

11.124 

89 

a.57704 

a.495 

3.417 

«.344 

3S 

15.47129 

13.695 

12.239 

11-033 

90 

2.41621 

a.339 

3.266 

3.108 
3.x8o 

39 

15.27184 

13-J42 

12.120 

10.939 

91 

a.39835 

3.321 

2.348 

40 

15.07363 

13.590 

12.002 

10.845 

92 
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LOGARITHMS. 


NOTB.— The  fbllowing  brief  treatise  on  Logarithms  is  added  for  the  use  of  teachers 
and  pupils  who  desire  it  in  connection  with  this  work.  The  matter  is  the  same  as 
in  the  author's  work  on  Trigonometry.  It  may  be  used  here  or  omitted,  at  the  dis- 
cretion of  the  teacher  or  as  the  course  of  study  requires. 

Logarithms  are  said  to  have  i>een  invented  by  Lord  Napfer  of  Scotland  as  early 
as  1594,  and  gave  the  author  so  high  a  reputation  that  Kepler  dedicated  a  work  to 
hira  in  1617;  since  which,  high  Gompliments  have  been  paid  him  by  succeeding 
mathematicians.  The  invention  is  of  inestimable  value  in  abbreviating  lengthy 
calculations.  It  was  improved  by  Henry  Briggs,  a  contemporary,  who,  assuming 
10  to  be  a  basis,  constructed  a  system  much  more  convenient  for  orainary  purposes, 
corresponding  to  our  system  of  numeration.  The  two  systems  are  called  the  N»- 
pieriaa  or  Hyperbolic,  and  the  Briggean  or  Common,  Logariliimfl. 

1.  LoGARiTHirs  are  a  species  of  numbers  used  to  abbreviate 
Multiplication,  Division,  Involution,  and  Evolution. 

2.  The  logarithm  of  a  number  is  the  exponent  denoting  the  power 
to  which  a  fixed  number  must  be  raised  in  order  to  produce  the 
first  number. 

3.  This  Jixed  number  is  called  the  base  of  the  system.  The  base 
of  the  common  system  is  10. 

4.  Raising  10  to  different  powers,  we  have, 

10*  =  1       ;  hence,  0  is  the  log  of  1 ; 

10^=10  "       I  "  10; 

10»=100  "       2  "         100; 

10»=1000        "       3  "       1000; 

etc, 

5.  From  this  we  have  the  following  principles : 

Prin.  1.  The  logarithm  of  a  number  between  1  and  10  is  between  0  emd 
1,  and  is,  therefore  J  a  decimaL 

Prin.  2,  The  logarithm  of  a  number  between  10  and  100  is  between  1 
and  2,  and  is,  therefore,  1  and  a  deamal.  Thus,  it  has  been  found 
that  the  log.  of  76  is  1.880814. 

Prin.  3.  The  logarithm  of  a  number  between  100  and  1000  is  between 
2  and  3,  and  is,  ther^re,  2  and  a  decimal.  Thus,  the  log.  of  458  is 
2.660865. 

6.  When  the  logarithm  consists  of  an  integer  and  a  d^c^vcsks^ 
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the  integer  is  called  the  eharacUrittic,  and  the  decinaal  part  the 

marUissa,    Thus,  in  2.660865  the  2  is  the  characteristic,  and  .660865 
is  the  mantissa. 

PROPERTIES  OP  LOGARITHMS. 

PRIN.  1. — The  characteristic  is  always  one  less  than  the  number  afrn^ 
iegral  places  in  the  number. 

For,  from  Art.  4,  we  see  that  the  log.  of  100  is  2,  the  log.  of 
1000  is  3,  and  of  any  number  between  100  and  1000  it  is  2  and  a 
decimal ;  hence,  the  characteristic  is  one  less  than  the  number 
of  integral  places. 

Prin.  2. — The  logarithm  of  the  base  is  1,  and  the  logarithm  qflis 
zero. 

For,  since  10'  =  10,  the  log.  of  10  is  1 ;  and  since  10*  =  1,  the 
logarithm  of  1  is  0. 

Prin.  3. — The  characteristic  of  the  logarithm  of  a  decimal  is  negative^ 
and  is  numerically  one  greater  than  the  number  of  ciphers  between  the 
decimal  point  and  the  first  significant  figure. 

For,  if  we  raise  the  base,  10,  to  powers  which  give  decimals,  we 
will  have, 

10»     =  1       ;  hence,  log  1       =      0 
10-'=. 1  "        log.l     =  —  1 

10-*=.01  "        log  .01   =  —  2 

10-*=  .001        "        log  .001  =  ^  3 
etc.  etc. 

which  proves  the  principle.    Thus,  the  log.  of  .458  is  T.660865. 

Prin.  4. — The  logarithm  of  the  product  of  two  numbers  is  equal  to  (he 
sum  of  the  logarithms  of  those  numbers. 

For,  let  3f  and  JVbe  any  two  numbers,  and  m  and  n  their  loga 
rithms ;  then  we  shall  have,  according  to  the  definition, 

10^=  M,  10»  =  JV. 

Multiplying  these  equations,  member  by  member,  we  have^ 

10m+n==jjfx  jv:  • 

Hence,         log  {MX N)  =  m  +n;  or,  =  log M+  log  i\r 
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PRIN.  5. — The  logarithm  of  the  quotient  of  two  numbers  equals  the  de- 
ference of  the  logarithms  qf  those  numbers. 
For,  from  the  definition,  we  have, 

lO*"  =  if,  10«  =•  iV. 

Dividing  the  first  by  the  second,  we  have, 

iV 
Hence,         log  ( —  I  =  m — n,  or,  =  log  M —  log  JV. 

Prin.  6. — The  logarithm  of  any  power  of  a  number  is  equal  to  the 
logarithm  of  the  number  multiplied  by  the  exponent  of  the  power. 
For,  since 

if  we  raise  both  members  to  the  nth  power,  we  have. 

Hence,  log  M^  =  mn,  or,  =  log  Jl!f  X  »• 

Prin.  7. — The  logarithm  of  the  root  of  any  number  is  equal  to  tk» 
logarithm  of  the  number  divided  by  the  index  of  the  root. 

For,  since 

10*  =  Jlf, 

if  we  take  the  nth  root  of  both  members,  we  have, 

lCr=JV^ 

Hence,  log  |/^=  — ,  or,  log  M-i-  n. 

n 

Prin.  8. — The  logarithm  of  the  prodvjct  of  any  number  multiplied  by 
10  is  equal  to  the  logarithm  of  the  number  increased  by  1, 
Suppose  log  M=  m;        then,  by  Prin.  4, 

log  (MX  10)  =  log  if  +  log  10.   But  log  10  =  1 ; 
Hence,       log  (if  X  10)  =  m  +  1. 
Thus,         log  (76  X  10)  =  1.880814  + 1 ;  or,  log  760  =  2.880814. 

Prin.  9. — The  logarithm  of  the  quotient  of  any  number  divided  by  10 
if  equal  to  the  logarithm  of  the  number  diminished  by  1. 
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Suppose  log  ilf=  i/i;        then,  by  Prin.  5, 

log  (M-^  10)  =  log  M—  log  10;  from  which 
log  (M-*- 10)  =  m  —  1. 

Thus,  log  (458  -»-  10)  =  2.660865  —  1 ; 

or,  log  45.8  =  1.660865. 

7.  The  following  examples  will  illustrate  Principles  1,  3,  ^ 
and  9. 

log  234  is  2.369216, 
log  23.4  "  1.369216, 
log  2.34  "  0.369216, 
log  .234  "  r.369216, 
log       .0234"  2.369216. 

From  this,  we  see  that  when  we  change  the  place  of  the  de- 
cimal point  we  change  the  characteristic,  but  do  not  change  the 
decimal  part  of  the  logarithm. 

The  minus  sign  is  written  over  the  characteristic,  showing  that 
it  only  is  negative. 

TABLE  OF  LOGARITHMS. 

8.  A  Table  of  Logarithms  is  a  table  by  means  of  which  we  can 
find  the  logarithms  of  numbers,  or  the  numbers  corresponding 
to  given  logarithms. 

9.  In  the  annexed  table  the  entire  logarithms  of  the  nunoibers 
up  to  100  are  given.  For  numbers  greater  than  100  the  mantissa 
alone  is  given ;  the  characteristic  being  found  by  Prin.  1. 

10.  The  numbers  are  placed  in  the  column  on  the  left,  headed 
N ;  their  logarithms  are  opposite,  on  the  same  line.  The  firat  two 
figures  of  the  mantissa  are  found  in  the  first  column  of  loga- 
rithms. 

11.  The  column  headed  D  shows  the  average  difiTerences  of 
the  ten  logarithms  in  the  same  horizontal  line.  This  difference 
is  found  by  subtracting  the  logarithm  in  column  4  from  that  in 
column  5,  and  is  very  nearly  the  mean  or  average  difference. 
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TO  FIND  THE  LOGARITHM  OP  ANY  NUMBER. 

12.  To  find  the  logarithm  of  a  number  of  one  or  Twoji^ures, 

Look  on  the  first  page  of  the  table,  in  the  column  heade  I  N, 
and  opposite  the  given  number  will  be  found  its  logarithm. 
Thus, 

the  logarithm  of  25  is  1.397940, 

87  is  1.939519. 

13.  To  find  the  logarithm  of  a  number  of  three  ^urg*. 

Look  in  the  table  for  the  given  number;  opposite  this,  in 
column  headed  0,  will  be  found  the  decimal  part  of  the  loga- 
rithm, to  which  we  prefix  the  characteristic  2,  Prin.  1.    Thus, 

the  logarithm  of  325  is  2.511883, 

876  is  2.942504. 

14.  To  find  the  logarithm  of  a  number  of  yo\]^  figures. 

Find  the  three  left-hand  figures  in  the  column  headed  N,  and 
opposite  to  these,  in  the  column  headed  by  the  fourth  figure, 
will  be  found  four  figures  of  the  logarithm,  to  which  two  figures 
from  the  column  headed  0  are  to  be  prefixed.  The  character- 
istic is  3,  Prin.  1.    Thus, 

the  logarithm  of  3456  is  3.538574, 

7438  is  3.871456. 

15.  In  some  of  the  columns,  small  dots  are  found  in  the  place 
of  figures :  these  dots  mean  zeros,  and  should  be  written  zeros. 
If  the  four  figures  of  the  logarithm  fall  where  zeros  occur,  or  if, 
in  passing  back  from  the  four  figures  found  to  the  zero  column, 
any  of  these  dots  are  passed  over,  the  two  figures  to  be  prefixed 
must  be  taken  from  the  line  just  below.    Thus, 

the  logarithm  of  1738  is  3.240050, 

2638  is  3.421275. 

16.  To  find  the  logarithm  of  a  number  of  more  than  vov^  figures. 
Place  a  decimal  point  after  the  fourth  figure  from  the  left  hand, 

thus  changing  the  number  into  an  integer  and  a  decimaL     Find 
ibe  mantissa  of  the  entire  part  by  the  method  just  given.    Then 
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from  the  coluran  headed  D  take  the  corresponding  tabular  tKffep' 
eneey  multiply  it  by  the  decimal  part,  and  add  the  product  to  the 
mantissa  already  found ;  the  result  will  be  the  mantissa  of  the 
given  number.     The  characteristic  is  determined  by  Prin.  1. 

If  the  decimal  part  of  the  product  exceeds  .5,  we  add  1  to  the 
entire  part ;  if  less  than  .5,  it  is  omitted. 


EXAMPLES. 

1.  Find  the  logarithm  of  234567. 

Solution. — The  characteristic  is  5,  Prin.  1.  Placing  a  decimal 
point  after  the  fourth  figure  from  the  left,  we  have  2345.67.  The 
decimal  part  of  the  logarithm  of  2345  is  .370143 ;  the  number  in 
column  D  is  185 ;  and  185  X  .67  =  123.95,  and  since  .95  exceeds  5, 
we  have  124,  which,  added  to  .370143,  gives  .370267 ;  hence,  log 
234567  =  5.370267. 

2.  Find  the  logarithm  of  4567.  Ans.  3.659631. 

3.  Find  the  logarithm  of  3586.  Ans.  3.554610. 

4.  Find  the  logarithm  of  11806.  Ans.  4.072102. 

5.  Find  the  logarithm  of  .4729.  Ans.  1.674769. 

6.  Find  the  logarithm  of  29.337.  Ans.  1.467416. 

17.  To  find  the  number  corresponding  to  a  given  logarithm. 

1.  Find  the  two  left-hand  figures  of  the  mantissa  in  the  column 
headed  0,  and  the  other  four,  if  possible,  in  the  same  or  some 
other  column,  on  the  same  line ;  then,  in  column  N,  opposite  to 
these  latter  figures,  will  be  found  the  three  left-hand  figures,  and  at 
the  top  of  the  page  the  other  figure  of  the  required  number. 

2.  When  the  exact  mantissa  is  not  given  in  the  table,  take  out  the  four 
figures  corresponding  to  the  next  less  mantissa  in  the  table ;  sub- 
tract this  mantissa  from  the  given  one;  divide  the  remainder, 
with  ciphers  annexed,  by  the  number  in  column  D,  and  annex 
the  quotient  to  the  four  figures  already  found. 

3.  Make  the  number  thus  obtained  correspond  with  the  cha- 
racteristic of  the  given  logarithm,  by  pointing  off  dscimala  or 
annexing  ciphers. 
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EXAMPLES. 

h  Find  th«  number  whose  logarithm  is  5.370267. 

Solution. — The  mantissa  of  the  given  logarithm  is  .  .  .370267 
The  mantissa  of  the  next  less  logarithm  of  the  table  is  .  .370143 

and  its  corresponding  number  is  2345.  

Their  difference  is 124 

The  tabular  difference  is  185 

The  quotient  is     .        .        .        185)124.00(.67 

Hence,  the  required  number  is    .    234567. 

NoTB. — If  the  eharaeteristic  had  been  2,  the  number  would  ha^e  been 
234.567;  if  it  had  been  7,  the  number  woald  have  been  23456700;  if  it  had 
been  3,  the  number  would  have  been  .0234567,  etc. 

2.  Find  the  number  whose  logarithm  is  3.659631. 

Ans,  4567. 

3.  Find  the  number  whose  logarithm  b  2.554610. 

Am.  358.6. 

4.  Find  the  number  whose  logarithm  is  1.072102. 

Ans.  11.806. 

5.  Find  the  number  whose  logarithm  is  2.674769. 

Ans.  .04729. 

6.  Find  the  number  whose  logarithm  is  H.065463. 

Ans.  .0011627. 

MULTIPLICATION  BY  LOGARITHMS. 

18.  From  Prin.  4,  for  the  multiplication  of  numbers  by  means 
of  logarithms,  we  have  the  following 

HuLE. — Find  the  logarithms  of  the  factors^  lake  their  turn,  and  find  the 
number  eorresponding  to  the  result;  this  number  will  be  the  required  product. 

Note. — The  term  sum  is  used  in  its  algebraic  sense.  Hence,  when  any  of 
the  characteristics  are  negative, — the  mantissa  is  always  positive, — we  take 
the  difference  betwoen  tho  sums  of  the  positive  and  negative  characteristics, 
and  prefix  to  it  the  sign  of  the  greater.  If  any  thing  is  to  be  carried  from 
the  addition  of  the  mantissas,  it  must  be  added  to  a  positive  characterifltifl^ 
•r  subtracted  from  a  negative  one. 
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IXAMPLBS. 

1.  Multiply  86.16  by  8.15. 

Solution.  log  35.16  =  1.546049 

log   8.15  =  0.911158 

2.457207 

457125 
Product,  286.554         

152)82.00(.54 

2.  Find  the  product  of  .7856,  31.42.  Ans,  24.6835. 
8.  Find  the  product  of  31.42,  56.13,  and  516.78. 

Ans.  911393.7, 
4.  Find  the  product  of  31.462,  .05673,  and  .006785. 

Ans.   01211168. 
6.  Product  of  .06517,  2.16725,  .000317,  and  42.1234. 

Ans.  .001886. 
6.  Product  of  2.3456,  .00314,  123.789,  .00078,  and  67.105. 

Ans.  .04772076. 

DIVISION  BY  LOGARITHMS. 

19.  From  Prin.  5,  to  divide  by  means  of  logarithms,  we  haye 
the  following 

Rule. — Mnd  the  logarithms  of  the  dividend  and  divisoTy  subtract  the 
latter  from  the  former,  and  find  the  number  corresponding  to  the  result : 
this  number  will  be  the  required  quotient. 

NoTK. — The  term  subtract  is  here  used  in  its  algebraio  sense;  heDce, 
ast  subtract  aceording  to  the  principles  of  algebra. 


EXAMPLES. 

1.  Divide  783.5  by  6.25. 
Solution.  log  783.5  =2.894039 

log     6.25  =  0.795880 


2.098159 
.097951 


Quotient,  125.36       

346)208(6 
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2.  Divide  272.636  by  6.37.  Ans.  42.8. 

3.  Divide  50.38218  by  67.8.  Ais.  .7431. 

4.  Divide  155  by  .0625.  Ans.  2480. 

ARITHMETICAL  COMPLEMENT. 

20.  The  operation  of  division  when  combined  with  multipli* 
cation  is  somewhat  simplified  by  using  the  principle  of  the  aritk' 
metical  complement. 

21.  The  Arithmetical  Complement  of  a  logarithm  is  the  result 
arising  from  subtracting  the  logarithm  from  10.  Thus,  the  arith- 
metical complement  of  the  logarithm  5.623427  is  10 — 5.623427, 
or  4.376573. 

22.  The  arithmetical  complement  may  be  written  directly  from 
the  table,  hy  subtracting  each  figure  of  the  logarithm  from  9,  except  the 
right-hand  figure,  which  must  be  taken  from  10.  This  is  the  same  as 
subtracting  the  logarithm  from  10. 

23.  We  will  now  prove  that  the  difference  between  two  logarithms  is 
equal  to  the  first  logarithm,  plus  the  arithmetical  complement  qf  the  second, 
minus  10. 

Let  a  =  the  first  logarithm, 

b  =  the  second  logarithm, 
and  c  =  10  —  b  =  arith.  comp.  of  &. 

The  difference  is       a  —  b. 
But,  — .&  =  <?— 10. 

Hence,  a  —  A  =  a  +  c  —  10, 

which  proves  the  principle. 

24.  Hence,  to  divide  by  means  of  the  arithmetical  complement, 
we  have  the  following 

BuLE. — Add  the  arithmetical  complement  qfth£  logarithm  of  the  (Kvisor 
to  the  logarithm  qf  the  dividend,  subtract  10,  and  find  the  number  corre' 
spending  to  ih(  difference,  this  number  will  be  the  required  quotienL 

EXAMPLIS. 

1.  Divide  856.3  by  45.32. 
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Solution.              log  856.3 

.       2.932626 

(a.  c.)  log  45.32 

.       8.343710 

Quotient,                  18.8945 

1.276336 

2.  Divide  0.3156  by  78.35. 

log  0.3156      . 

•     1.499137 

(a.  c.)  log  78.35 

.      8.105961 

Quotient,  .004028  J.605098 

3.  Divide  3.7521  by  18.346.  Ans.  .204519. 

4.  Divide  483.72  by  .30751.  Ans.  1573.02. 
6,  Multiply  32.16  by  7.856,  and  divide  the  product  by  45.327. 

Ans,  5.574. 

6.  Divide  the  product  of  31.57  and  123.4  by  the  product  of 
JJ16.2  and  .0316.  Ans.  389.8884. 

7.  Find  by  logarithms  the  first  term  of  the  proportion^ 
fe .  73.15 : :  48.16 :  3167.  Ans.  1.11237. 

INVOLUTION  BY  LOGARITHMS. 

25.  From  Prin.  6,  to  raise  a  number  to  any  power,  we  have  the 
following 

BuLE. — Find  the  logarithm  of  the  number,  multiple/  it  by  the  expcnent 
rf  the  power,  and.  find  the  number  corresponding  to  the  resulL 


EXAMPLES. 

1.  Find  the  4th  power  of  45. 
Solution. 

log  45  =  1.653213 

4 


Power,      4100625        6.612852 

2.  Find  the  cube  of  0.65.  Ans.  0.2746 

3.  Find  the  6th  power  of  1.037.  Ans.  1.243. 

4.  Find  the  7th  power  of  .4797.  Ans.  0.005846. 
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EVOLUTION  BY  LOGARITHMS. 

26.  From  Prin.  7,  to  extract  any  root  of  a  number,  we  have 
the  following 

Rule. — I.  Find  the  logarithm  of  the  number y  divide  iihy  the  index  of 
the  rootf  and  find  the  number  corresponding  to  the  result, 

II.  If  the  characteristic  is  negative  and  not  divisible  by  the  index  of  the 
root,  add  to  it  the  smallest  negative  number  thai  will  make  U  divisible^ 
prefixing  the  same  number  unth  a  plus  sign  to  the  mantissa* 

EXAMPLES. 

1.  Find  the  square  root  of  576. 
Solution.  log  576  =  2.760422 

2.760422  -^  2  =  1.380211 
Hence,  the  root  is  24. 

2.  Find  the  fourth  root  of  .325. 

Solution.  log  .325  =  T.511883  =  i  +  3.511883. 

Then  {¥  +  3.511883)  h-  4  =  T.877971 

Hence,  the  quotient  is,     .75504. 

3.  Find  the  fifth  root  of  .0625.  Ans.  .574348. 

4.  Find  the  cube  root  of  7.  Ans.  1.9129. 

5.  Find  the  fifth  root  of  5.  Ans.  1.3797. 

6.  Find  the  tenth  root  of  8764.5.  Ans.  2.479. 

CALCULATION  OF  LOGARITHMS. 

The  pupil  will  by  this  time  naturally  inquire  how  these  logarithms 
are  calculated.  This  we  ha^e  not  room  to  explain  here ;  in  fact,  an 
explanation  of  the  modern  methods  would  be  almost  too  difficult  for  the 
majority  of  pupils  who  study  this  book.  Only  a  general  idea  can  here 
be  given. 

In  computing  logarithms,  it  is  only  necessary  to  calculate  the  loga- 
rithms of  prime  numbers,  since  the  logarithms  of  composite  numbers 
may  be  obtained  by  adding  the  logarithms  of  their  prime  factors. 

The  logarithms  of  the  prime  numbers  were  first  computed  by  com- 


\ 
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pariog  the  geometrical  and  arithmetical  series,  1,  10,  100,  etc.,  aod  (\ 
1,  2,  »tc.,  and  finding  geometrical  and  arithmetical  means;  tht 
arithmetical  mean  being  the  logarithm  of  the  corresponding  geome- 
trical mean.  This  method  was  exceedingly  laborious,  inyolTing  so 
many  multiplications  and  extractions  of  roots. 

The  method  now  generally  used  is  that  of  series,  by  which  the  com- 
putations are  much  more  easily  made.  The  following  formula  is  de- 
rived by  algebraic  reasoning. 

In  this  the  quantity  A  is  called  the  modutus,  which  in  the  Napierian 
system  is  unity.  The  series,  when  A  is  of»«,  put  in  a  more  eonvenieni 
form,  becomes, 

log.  (»  +  l) -1.8- »  =  2  (^-1-^4-  8(2aVl)»  +6(2.^1/+'"^) 
From  which,  knowing  the  logarithm  of  any  number,  we  readily  find 

the  logarithm  of  the  next  larger  number.    The  pupil  will  be  interested 

in  finding  logarithms  by  this  formula.  Begin  with  2,  in  which  »  =r  1. 
The  logarithm  found  will  be  the  Napierian  logarithm,  and  this  mal« 

tiplied  by  0.434294  will  give  the  common  logarithm. 


LOGARITHMS  OF  NUMBERS 

Prom  1  to  10,000. 


N. 

Lof. 

N. 

L"e. 

N. 

_W_ 

N. 

tog. 

O.ODDOOD 

J6 

:;a 

Si 

1.707570 

76        [ 

8B08U 

S7 

53 

1 -716003 

77        1 

886401 

477iai 

36 

■'447158 

33 

1-734376 

7^        1 

8910S5 

6iio6o 

39 

1  .4"j398 

54 

>-   333i4 

81  [ 

897617 

5 
6 

I 

ffl; 

3o 
3[ 

I-477I31 
I -491361 

5S 

56 

[-740363 
1-748188 

t>B% 

7 

6450,8 

33 

i.SoSiSo 

*! 

.-755875 

8a       1 

913814 

8 

qo3o,o 

33 

|.5i85r4 

58 

I-7634J8 

83        1 

91907S 

9 

,54543 

34 

1-53 .479 

59 

.-770851 

84        1 

914179 

075181 

3i 

36 

,,S44<*8 
i.5i63o3 
..563303 

6[ 
61 

.-79i3qi 

85        1 
87        I 

939519 

i3 

,,3943 

38 

[■579784 

63 

[-799341 

8i        1 

9J448i 

r46>i8 

J9 

1-591065 

64 

1-806181 

89        1 

919^90 

i5 

r 76091 

1.601060 

65 

1-813013 

90        1 

9 54 34 J 

104110 

41 

1.613784 

66 

..B19S44 

9'         ' 

» 

IT 

i3od4fl 

[.633349 

u 

1 -836075 

93         1 

i8 

355iii 

43 

,-63346S 

1-833509 

93        1 

^68483 

i^-ik 

..643453 

6, 

9i        1 

973 13H 

30 

oio3o 

45 

1.653313 

70 

ili^is 

95        1 

Jlllo 

46 

1.663753 

71 

96        1 

Vhlv 

4141J 

47 

1-673098 

1.857333 

97        1 

986771 

33 

3&,718 

43 

1.6^1141 

]l 

1.863333 

9S        1 

991 J55 

33011, 

49 

■■M'96 

li 

1 -860331 

99563= 

»5 

1 -391940 

5o 

is 

1-873061 

100        3 

Remark. — In  the  following  table,  in  the  nine  right- 
band  columna  of  each  page,  where  the  first  or  lead- 
ing figures  change  from  9'3  to  O'a,  points  or  dots  are 
ntroduce'd  instead  of  the  O's,  to  catch  the  eye,  and  to 
ndicate  that  from  thence  the  two  figures  of  the  Log- 
arithm to  be  taken  from  the  second  column,  stand  in 
lite  next  line  below. 
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▲   TABLB    OF    LOGARITHMS    FROM    1    TO   10,000. 


N. 

lOO 

0 

1 
0434 

a 
0868 

3 

4 

6 

6 

7 

8 

9 
3891 

V. 

432 

000000 

i3oi  1734  21661  35981  3o39 

3461 

101 

4321 

47^1 

5i8i 

5609  6o38 

6466!  6894 

7331 

7748 

8174 

438 

102 

8600 

0026 
J259 

t^ 

9876  •3oo 

•724  1147 

1570 

1993 

34i5 

434 

io3 

012837 
7o33 

4100  4531 

4940  d36o 

5779 

6107 
•36i 

6616 

419 
416 

io4 

745 1 

7868 

8384 

8700 
3841 

0116  o533 
3353  3^64 

9947 
4075 

4^96 

io5 

021189 
53o6 

i6o3 

3016 

2438 

4486 

412 

lo6 

5715 

6135 

6533 

6q43 

7350 

7?^ 

8164 

8571 

8978 

408 

lod 

0384 
033424 

U^ 

•195  •600 

1004 

1408 

1813 

3316 

3619 

3o3I 

404 

4337  4628 
8323  8620 

5039 

543o 

583o 

673o 

6639 

7028 

4«x> 

109 

7426 

7825 

9017 

9414 
3363 

9811 
3755 

•207 
414B 

•602 

396 

no 

041393 

1787 

3183  3576 

6?«? 

4540 

4g33 

111 

5323 

5714 
9606 
3463 

6io5 

6495 
•38o 

ii53 

7664 

8o53 

8442 

III 

0218 
05J078 

3?46 

•766 

1 538 

1924 

3309 

2694 

386 

ii3 

433o 

4613 

8te 

5378 
9185 

5760 

6143 

6524 

383 

114 

6905 

7286 

7666 

8046 

8436 

9563 

9942 
3709 
7443 

•330 

379 

Ii5 
116 

060608 
4438 

1075 
4833 

1453 
5206 

1839 
558o 

33o6 

5953 

3582 

6326 

3958 
6699 

3333 

7071 

4o83 
7815 

376 
373 

::3 

8180 
071883 

8557 
335o 

8038 
3617 

9208 
3q85 
6640 

9668 

3353 

••38 
3718 
7368 

•407 
4o85 

•776 
445i 

1 145 
4816 

l5i4 
5i83 

36? 

119 

5547 

5913 
o543 
» 144 

6276 

7004 

7731 
1347 

8094 

8457 

8810 
3436 

363 

120 

079181 
082785 

^ 

•366 

•636 

8i36 

1707 

2067 

36o 

121 

3861 

4319 

4934 

5291 

5647 
9198 

6004 

357 
355 

123 

636o,  6ti6 

7071 

7436 

i3i5 

8490 

8845 

o553 
J071 

123 

0905 
09J422 

•358 

•611 

•963 

1667 

3oi8  3370 

2731 

35i 

124 

3772 
7367 
0715 

4123 

4471 
;95i 
i4o3 

4830 

5169 

55i8  5866 

63i5 

6563 

349 
346 
343 

125 

126 

6010 
100J71 

7604 
1059 

8398 

1747 

8644 
3091 

8900 
3434 

19335 
2777 

0681 
3119 

••36 
3463 

\U 

38o4 

4146 

4487 
788d 

4838 

5169 
8565 

55io 

585 1 

6191 

653i 

6871 
•253 

340 

7210 

7540 
0926 

8237 

8903 

9241 

9579 

??75 

338 

129 

II 0590 

1363 

1599 

1934 

3270 

36o5 

2940 

3609 

335 

i3o 

I 13943 

4277 
760' 

461 1 

49U 

6378 

56ii 

5943 

6376 
9586 

6608 

6940 

333 

i3i 

7271 

/934 

8365 

8595 
18S8 

8926 

9256 

99i5 
3198 
6456 

•345 

33o 

l32 

120574 

090^ 

I23l 

i56o 

3216 

2544 

3871 
6i3i 

3525 

338 

i33 

3352 

4178 

45o4 

483o 

5i56 

5481 

58o6 

6781 

325 

1 34 

7105 

7420 
o655 

7753 

8076 

8399 

8732 

9045 

9368 

9690 

••13 

323 

i35 

i3o334 

0977 

1298 

161Q 

1930 
5i33 

2260 

358o 

3900 

33IO 
64o3 

331 

i36 

3539 

3858 

4177 
7354 

440 

4814 

545 1 

5769 

6086 

3i8 

i38 

6-721 
0S70 

i43oi5 

7037 

7671 

7987 

83o3 

8618 

8934 

9249 

9564 

3i5 

•194 

•5o8 

•822 

ii36 

i45o 

1763 

4885 

3076 

2389 

2703 
58i8 

3i4 

139 

3327 
6438 

3639 
6748 
9835 

3951 

4363 

4574 

5196 

55o7 
86o3 

3ii 

140 

146128 

7o58 

7367 

'At 

38i5 

7985 

8394 

891 1 

309 

141 

9210 
152288 

9527 

•143 

•449 

io63 

1370 

1676 

1983 

3o7 
3o5 

142 

2594 

2900 

33o5 

35io 

4120 

4434 

4728 

5o32 

143 

5336 

5640 

5943 

6346 

6549 

6852 

7«54 

7457 

7759 

8061 

3o3 

144 

8362 

8664 

8965 

9366 

9567 

9868 

•168 

^^9 

375? 

1068 

3oi 

145 

i6i368 

1667 

1967 

3366 

3564 

2863 

3i6i 

3460 

4o55 

299 

146 

4353 

465o 

4947 

5344 

5541 

5838 

6i34 

6430 

6736 
9674 

7023 

295 

I4» 

7317 

7613 

8203 

8497 
1434 

8793 

9086 

9380 

2?95 

170262 

o555 

0848 

1141 

1726 
4641 

2049 

33ll 

36o3 

293 

149 

3i86 

3478 
63di 
9264 

2I30 

4075 
7803 

9553 
24i5 

4060 

435 1 

4032 

5333 

55i2 

58o2 

289 

287 

285 

i5o 
i5i 

1 53 

176091 
18 1844 

6959 
9839 
2700 

7248 
•126 
2985 

7536 
•4i3 
3270 

7825!  81 13 
•699  ^985 
355d  3839 

8401 
1273 
4133 

8689 
1 558 
4407 

153 

4691 

5259 

5542 

5825 

6108 

6391  6674 

6956 

7239 

283 

1 54 

7521 

8084 

8366 

8647 

8928 

9209  9400 
2010  2289 

2567 
5346 

••51 

381 

i55 

190332 

0612 

0893 

1171 
3959 

i45i 

1730 

2846 

l^l 

1 56 

3i25 

34o3 

368 1 

4237 
7oo5 

45i4 

4792 

5069 

5623 

'^1 

i5d 

5899 

6176 
8o33 
1670 

I 

6453 

6729 

7281 

7556 

7833 

8107 

8382 

276 

8657 

9206 

9481 

9755 

••39 

•3o3 

•577 

•85o 

1124 

274 

159 

N. 

201397 

1943 
a 

2216  2488 

3761 
5 

3o33  33o5 

3577 
8 

3848 

37a 

0 

3 

' 

6 

7 

9 

D. 
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N. 


i6o 
i6i 
162 
i63 
164 
i65 
166 

16S 
169 
170 

171 

172 

173 

175 
176 

\]i 

iSo 
181 
182 
i83 
i8i 
i85 
186 


204120 
6826 

95i5 


189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
2o3 
904 
2o5 
206 

20' 

20I 

209 

211 
211 
912 
tl3 

914 
2l5 
916 

217 

9id 
212 


4391 

7056 
9783 


4282 
6336 
838o 
33o4i 
2438 

4454 
6460 
8456 


912188,  2454 

4844  5109 

7484|  7747 

9901081  0370 

2716  2976 

5309:  5568 

7887  8144 

330449  0704 

2996  325o 

5d28  5781 

8046  8297 
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35i 

5307 

6543 

777^ 

5555 

5678 

58o2 

6925 

6049 

617a 

6296 

6419 

124 

352 
35J 

6666 
7898 

8021 

6913 
8144 

7o36 
8267 

9616 

7282 
85i2 

7405 
8635 

8758 

7652 
8881 

123 

123 

354 

9003 

9126 

9249 

9371 

9494 

9739 

9861 

9984 

•106 

123 

355 

550228 

o35i 

0473 

0395 

0717 

0840 

0962 

1084 

1206 

1328 

122 

356 

i45o 

1572 

1694 

1816 

1938 

ao6o 

2181 

a3o3 

2425 

3547 

122 

iii 

2668 

2790 

2911 

3o33 

3i55 

3276 
4489 

3398 

35i9 

3640 

376a 

121 

358 

3383 

4004 

4126 

4247 

4368 

4610 

4731 

485a 

nil 

121 

359 

5d94 

52i5 

5336 

5457 

5578 
6785 

^ 

58ao 

5940 

6061 

121 

36o 

5563o3 

6423 

6544 

6664 

7026 
8228 

-1146 
8349 

8469 

i^ 

120 

36i 

-(507 
8709 

1627 
8829 
••26 

7748 
8948 

7868 

7988 

810S 

120 

362 

9068 

9188 

93oB 

9428 

9548 

2^ 

9787 

120 

363 

9907 

•146 

•265 

•385 

•5o4 

•624 

•743 

•982 

119 

364 

56IIOI 

1221 

i34o 

1459 

1578 
2760 
3955 

1698 

1817 

1936 

2o55 

2174 

119 

365 

2293 

2412 

253 1 

a65o 

2887 

3oo6 

3ia5 

3344 

336a 

119 

366 

3481 

36oo 

3718 

3837 

4074 
5237 

4192 

43ii 

4429 

4548 

;:s 

367 
368 

4666 

4784 

49«>3 

502I 

5i39 

5376 
6555 

5494 

56i2 

5730 

5848 

5966 

6084 

6202 

63  20 

6437 

6673 

6791 

6909 

:i8 

369 
370 

7026 
568202 

7144 
83i9 

7262 
8436 

7379 
8554 

7497 
8671 

7614 
8788 

V^l 

7849 
9023 

7967 
9«4o 

8684 
9357 

lid 
«i7 

371 

9374 

9401 
0660 

9608 

9725 

9842 

9950 
1126 

••76 

•193 

•309 

•426 

>»7 

372 

570543 

0776 

0893 

lOIO 

1243 

i35o 

1476 

i5oa 

"2 
116 

373 

no9 
2872 
40J1 

1825 

1942 

20J8 

2174 
"3336 

2291 
3452 

2407 

3568 

2523 

3639 

2765 

374 

2988 

3 104 

3220 

3684 

38<H> 

3915 

116 

375 

4147 
53oi 

4263 

4379 

4494 
565o 

4610 

4726 

4841 

4957 

5072 

116 

376 

5i88 

5419 

5534 

5765 

588o 

5996 

61 1 1 

6226 

ii5 

l]l 

6341 
6639 

6457 
7607 
8754 
9^08 

1039 

6572 
7722 
8868 

6687 

7836 
8983 

6802 
7951 

^ 

7o3a 
8181 

vs 

7a6a 
8410 

nil 

ii5 
ii5 

?79 

9097 

9212 

9326 

m\ 

9555 

9^ 

114 

3bo 

579784 

••12 

•126 

•241 

•355 

•469 
1608 

•583 

*6o7 

•8m 

114 

38i 

580925 

ii53 

1267 

i38i 

1495 
263 1 

1722 

3858 

i836 

1950 

114 

382 

2o63 

2177 

2291 

2404 

a5i8 

2745 

2972 

3o85 

114 

383 

3109 

33i2 

3426 

3539 

3652 

3765 
4896 

3879 

3992 

4io5 

4ai8 

ii3 

384 

4331 

4444 

4557 

4670 

4783 

5oo9 

5ija 

5a35 

5348 

ii3 

385 

5461 

5574 

5686 

^799 

5912 

6024 

6i37 

6250 

6362 

6475 

ii3 

386 
387 

6587 

7711 

6700 
7823 
8944 

6812 
7935 

6923 
8047 

7037 
8160 

7149 
8272 

7262 
8384 

^i4 

7486 
8608 

^ 

112 
iia 

388 

8832 

9o56 

9167 

9279 

9391 

95o3 

9615 

9^26 
•842 

9838 

112 

389 

9950 

••61 

•173 

•284 

•396 

•5o7 

•619 

•730 
1843 

•953 

112 

390 

591065 

1176 

1287 

1399 

i5io 

1621 

1732 
2843 

1955 

2066 

III 

391 

2177 

2288 

2399 

35l0 

2621 

2732 
3840 

2954 

3o64 

3175 

428a 

III 

39a 

3286 

33q7 

35o8 

36i8 

4834 

3950 

4061 

4i7« 

III 

393 

4393  4563 

4614 

4724 

4945 

5o55 

5i65 

5276 

5386 

no 

M 

5496  56o6 

5717 

5827 

5937 

6047 
7146 

6157 

6a67 

6377 

857a 
9665 
•755 

6487 

no 

395 

6597  6707 

6817 

6927 

^037 

7256 
8353 
9446 
•537 
1625 

7366 
846a 
9556 
•646 

7586 
8681 

2S1 

no 

396 

269S 

78o5 
8900 
9992 

7914 
9009 

•lOI 

8024 
91 19 
•210 

8 1 34  8243 
9228  9337 
•3iQ  •428 

no 
109 
109 

399 

600973  1082 

1 191   12Q9 

1408  i5i7 

1734 

1843J  1951 

*09 

N. 

V  .  ' 

2  1  3  1  4  1  5 

6 

7 

8    9 

B. 

A   TABLE    OF    LOOARITnMS    FROM    1    TO    10,000.  t>33 


N. 

400 
401 
402 

4o3 

404 
4o5 
406 
407 
408 
4f>9 
4io 
411 
412 
4i3 
414 
41 5 
416 

4id 
419 
420 
421 
422 
423 
424 
425 
426 

428 
429 

43o 
43i 
432 
433 

434 
435 
436 
437 
43d 
439 
440 
441 
442 
443 

444 
445 
446 

44d 
449 
45o 
45i 
4^2 
453 
454 
455 
456 
451 
458 
459 

N. 


602060 

3i44 
4226 
53o5 
638i 
7455 

•8526 
9594 

610660 
1723 

612784 
3842 

6950 
7000 
8048 
9093 
620106 
1176 

2214 

623249 

4282 

53i2 

6340 

7366 

8389 

9410 

630428 

1444 

2457 

633468 

5484 
6488 

6489 
9486 

640481 
1474 

2465 

643453 

4439 

5422 

6404 

7383 

836o 

9335 

65o3o8 

1278 

3246 

653213 

417 
5i3 
6098 

2o56 
on 
8965 

66o?65 
i8i3 


2 


1160' 

l25Ji 


2 

3 

4334 

541 3 

6489 

7562 

8633 

9701 

0767 

1829 

2890 

3947 
5oo3 
6o55 
7105 
8i53 
9198 
0240 
1280 
23i8 
3353 
4385 
541 5 
6443 
7468 

6491 
9512 

o53o 
1 545 
2559 
3569 
4578 
5584 
6588 

J589 
9586 
o58i 
1573 
2563 
355i 
4537 
5521 
65o2 
7481 
6458 
9432 
0405 
1375 
2343 
3309 
4273 
5235 
6194 

2l52 
107 
9060 
••11 

0960 
1907 


I 


2277 
336 1 
4442 
5521 
6596 
669 
740 
9808 
0873 
1936 
2996 
4033 
5io8 
6160 
7210 
8257 
9302 
o344 
1384 
242 
3455 
4488 
55i8 
6546 
7571 
8593 
9613 
o63i 

1647 
2660 
3670 
4679 
568d 
6688 

2^ 
0009 

9686 

0680 

1672 

2662 

365o 

4636 

56i9 

6600 

lUt 

9530 
o5o2 

1472 
2440 

34o5 
4369 
533 1 
6290 

7247 

8202 
9i55 
<»io6 
io55 
2002 


2386 
3469 
455o 
5628 
6704 

8847 
9914 
0979 
2042 

3l02 

4i59 
52i3 
6265 
73i5 
8362 
9406 
0448 
1488 

2525 

3559 
4591 

5621 
6648 

7673 
8695 
97i5 
0733 

1748 
2761 
3771 
47 

57 
6789 

978 

0779 
1771 

2761 

3749 
4734 
5717 
6698 

8653 

9627 

0 

I 

2536 

35o2 

4465 

5427 

6386 

7343 

8208 

92  DO 

•201 
ii5o 
2096 


..L± 


2494 

4656 
5736 
6811 
7884 
8954 
••21 
1086 
2148 
3207 
4264 
5319 
6370 
7420 
8466 
95ii 
o552 
1592 
3628 
3663 
4695 

5724 
6751 

7775 

6797 

9«n 

0835 

1849 
2862 
3872 
4880 
5886 
6889 


1888 
9885 
0879 
1871 
2860 

3847 
4832 
58i5 
6796 

6750 

9724 
0696 
1666 
2633 
3598 
4563 
5523 
6482 
7438 
8393 
9346 
•296 
1245 
2191 


2603 
3686 
4766 

5844 
6919 

799 » 
9061 

•128 
1192 
2264 
33i3 
4370 
5424 
6476 
7525 
8571 
9615 
0656 
i6o5 
27J2 
3766 
4798 
5827 
6853 
7878 
8900 
9919 
0936 
1951 
2963 
3973 

4981 
5986 
6989 


9984 
0978 
1970 
2959 
3946 
4931 
5913 
6894 
7872 
8848 
9821 
0793 
1762 
2730 
3695 
4658 
5619 
6577 
7534 
8488 

9441 
•3o, 
1339 
2286 


27 II 

3794 
4874 
5951 
7026 
8098 
9167 

•234 
129b 
236o 
3419 

4475 
5529 
658 1 

9719 
0760 

38?? 
3869 
4901 
5929 
6956 
7980 
9002 
••21 
io38 

2052 

3064 
4074 
5o8i 
6087 
7089 
8090 
9088 
••84 
1077 
2069 
3o58 
4044 
5o29 
6011 
6992 


8 


)4 
9019 
0890 
i8do 
2826 
3791 

4754 
5715 
6673 
7629 
8584 
9536 
•486 

1434 
2380 


? 


2819 

39021 

4982 1 

6059; 

7i3j 

8205 

9274 

•341 

i4o5 

2466 

3525 

458 1 

5634 
6686 

8780 
9«24 
0864 
1903 
2939 
3973 
5oo4 
6o32 
7o58 
6082 

9104 
•123 
ii3 

2l5 

3i65 
4175 
5182 
6187 
7189 
8190 
9188 
•i83 

2168 
3i56 
4143 
5i27 
6110 
7089 
8067 
9043 
••16 
0987 
1956 

2023 

3888 
485o 
58io 
6769 
7725 
8679 
9631 
•58 1 

1 52 

247 


2928 
4010 
5089 
6166 

7241 
83i2 
9381 

•447 
i5ii 
2572 
363o 
4686 
5740 

% 

8884 
9928 
0968 
2007 
3o42 
4076 
5107 
6i35 
7161 
8i85 
9206 
•224 

1241 
2255 

3266 
4276 

5283 
6287 
7290 
8290 
9287 
•283 
1276 
2267 
3255 
4242 
5326 
6208 

di65 
9»4o 
•ii3 
1084 
2o53 
3019 
3984 
4946 
5906 
6864 
7820 

6774 
9726 
•676 
1633 
3569 


Bo36' 
4118 

5»97, 

6274' 

7348. 

8419I 

94881 

•354I 

1617 

2678 

3736 

4792 
5845 
6895 
7943 
8989 

••32 

1072 

3IIO 

3 146 
4179 

5210 

6238 
7263 
8287 
9308 
•326 
1 342 
2356 
3367 
4376 
5383 
6388 

83^ 
9387 
•382 
1375 
2366 
3354 
4340 
5324 
63o6 
7285 
8262 
9237 
•210 
1 181 
2i5o 
3i:6 
4080 
5o42 
6002 
6960 

K 

9821 

1718 
3663 


D. 

08 
08 
08 
08 
07 
07 

07 
O*] 


06 
06 
06 

o5 
o5 
o5 
o5 
04 
04 
04 
04 
o3 
o3 
o3 
o3 
02 
02 
02 
02 
01 
01 
00 
00 
00 

•  CO 

99 
99 
99 
99 
99 

$ 

98 
98 

97 
97 
97 
97 

i 

95 


6  1  7 


[  8  "I  <^  ^\^.  ^ 


I 
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▲  TABLE    or    LOGARITHMS    FKOM    1    TO    10,000. 


ffC 


460 

461 
463 

463 

464 
465 
466 
467 
468 
469 
470 
47* 
472 
473 
474 
475 
476 

478 

479 
480 

481 

48a 
483 

434 
485 
486 
487 
48d 
489 

490 
491 
492 
493 
494 
495 
496 
497 
498 

499 

DOO 

5oi 

5o2 

5o3 

5o4 

5o5 

5o6 

5o 

5o 

509^ 

5io 

5ii 

5l2 

5i3 

5i4 
5i5 
5i6 

5iS 
5i9 

N. 


I 


663768 

4642 
558 1 
65i8 
7453 
8386 
9317 

570246 
1173 

672098 
3o2i 
3942 
4»6i 
5778 
6694 

Itll 

9428 

68o336 

681341 

2145 

3o47 

3947 
4845 
5742 
6636 

7529 
8420 
9309 
690196 
1081 
1965 

4605 
5483 
6336 

7229 

8101 

698970 

9b38 

700704 
i568 
243 1 
3291 

4131 

5oo8 
5864 
6718 
707370 
8421 
9270 

096J 
180T 
265o 

3491 
H33o 
M67 


2853 

3795 
4736 
5675 
6613 
7546 

8479 
9410 

6339 

1365 

3190 
3ii3 
4o34 
4953 
5870 


4    5  I  6  I  7  I  8  I  9  I 


D. 


2698 
8609 
9510 
0436 
i333 

3335 

3i37 
4037 
4935 
§831 
6726 
7618 
85o9 
93oe 
0285 
1170 
2o53 
2935 
38i5 
4693 
5569 
6444 

6188 
9057 

9924 
0790 

1634 
25i7 

3377 
4236 

5094 
5949 
68o3 
7655 
85o6 
9355 
0202 
1048 
1892 
2734 
3575 
4414 
525i 


3947, 

3889; 

483oi 

5769 

6703 

7640 

857  a 

95o3 

043  i 

i358 

3383 

32o5 
4126 
5045 
5963 


6785  6876 


°l 


7789 
8ioo 

9610 

o5i7 

1423 

2336 
3227 
4127 

5023 
5921 

68i5 

m 

9486 
0373 

1258 
2143 
3o23 
3903 

4781 
5637 
6531 

7404 
6275 

9144 
••II 

0877 

1741 
26o3 
3463 

4322 

5,79 
6o35 

6888 
7740 
8591 
9440 

0287 

Il32 

1976 
3.SI8 

3659 

449 

533 


3o4i 
3783 

4)34 
5863 

6665 
9696 

o524 
I45i 

2375 
3297 

42id 

5i37 
(>o53 
6968 

7881 
8791 

9700 

0607 
i5i3 
3416 
3317 
4317 
5ii4 
6010 
6904 

7796 
8687 

9575 

0463 

i347 

223o 

3iii 

3991 

4868 

5744 
t6i8 

8362 
9231 
••08 
0963 
1827 
2689 
3549 
4408 
5265 
6120 

6974 
75:'26 
8676 

9324 
0371 
1217 
2060 
2902 
3742 
4381 
5418 


3i35 
4078 
5oi8i 
5956 
6892 
7826 

8759 
9689: 
0617 
1 543 
3467 
3390 
43 10 

5338 

6145 

7059 

mi 

9791 
0698 

i6o3 
a5o6 
3407 
43o7 

52o4 
6100 

p. 

8776 
9664 
o55o 
1435 
23i8 
3190 
4078 
4936 
5833 
6706 
7^78 

8449 
9317 

•184 
io5o 
1913 

3635 

4494 
5350 
6206 
7059 
7911 
8761 

2^j 

i3oi 

3144! 
3986; 
3826' 
4665; 
55o2 


323o,  3324 
4172  4366 
5ii3  5306; 
6o5o  6i43i 
6986! 


34i8| 
436o 


35i2< 
4454; 


9783 
0710 
1636 
356o 
3483 
440a 
5330 
6336 
7i5i 
do63 

i 

678Q 
1693 
3596 

3497 
4396 

5394 
6189 

7o83 

ml 

9753 

o639 

i534 
3406 
3287 
4166 

5o44 
5919 
6793 
7665 
8535 

9404 
•271 
ii36 


2 
3721 

4379 
5436 

6291 

7144 


1385 
2229 
3070 
3910 

474 

558 


t 


8045 
9875 
0802 
1728 
3653 
3574 
4494 
5413 
6338 

7343 

di54 
9064! 

9973 
0879 

1784 
3686 
3587 
4486 

5383 
6379 

8064 
8953 

9841 
0738 

l6l3 

3494 

3375 

4234 

5i3i 
6007 
6880 

8622 
9491 
•338 
1222 
2086 

2947 
3807 
4665 

5522 

6376 
7229 
8081 


J46|  8931 
9694J  9770 
0340  0623 


1470 
33i3 
3i54 

4^3 
5669 


5299'  5393: 
62371  633 1 
7173;  7266 
81061  8199 
9i3i 


36o7,  94 
4548  94 


? 


9o38 

XI 

I83I 
3744 

3666 

4586 

55o3 

641 

733 

8345 

91 55 

••63 

0070 

1874 

2777 

4576 
5473 
6368 
7361 
81 53 
9042 

1700 
2583 
3463 

434a 
5319 

6094 
6968 

7839 
6709 
9578 

•444 
i3o9 
2173 


J 


3o33 

3893 

4731 

5607 

6463 

73i5j 

8166 

90i5 

9863 

o 


••60 
0988 
1913 
3836 
3758 

5595 
65ii 

7424 
8336 
9246 
•i54 
1060 
1964 
3867 

3767 
4666 
5563 
6458 
735 1 
8343 
9i3i 
••10 
0903 
1789 
3671 
355i 
443o 
5307 
618a 
7055 

•53 1 
1395 

2258 

3ii9 

3979 
4837 
5693 

6547 
7400 
d35i 
9100 
9948 


0710  0794 
1 554'  1639 
3481 
33a3 
4i6a 
5ooo 
5836 


4078 
4916 
5753 


8 


5487 
6434 
7360 
8393 
9224 
•i53 
1080 
aoo5 
2029 
385o 
4769 
5687 
6602 
7616 
8427 
9337 

•343 

ii5i 
3o55 

3^57 
4766 
5652 
6547 
7440 
833 1 
9220 
•107 
-«93 
1877 
2759 
3639 
4517 
53o4 
6269 

7142 
8014 

8883 
9751 
•617 
1482 

2344 
32o5 
4o65 
4923 

dUi 
7485 
8336 
9185 
••33 
0870 
1733 
3566 
3407 
4346 
5084 
5930 


94 
94 

93  ) 

93 

92 
92 

92 

93 

93 

9> 

9« 

9» 

9« 

9* 
90 

90 

90 

90 

^ 
89 

89 
88 
88 
88 
88 
88 

?7 
f7 

P 
U 

86 

86 

86 

86 

86 

85 

85 

85 

85 

85 

85 

84 

84 

84 

84 

84 
84 


J. 
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N. 

520 
521 
522 

5a3 
524 
525 
526 
527 
528 
529 
53o 
53 1 
532 
533 
534 
535 
536 
537 
53d 
539 
540 
541 
54  Q 
543 
544 
545 
546 
547 
548 

549 
55o 

55 1 
552 
553 

554 
555 
556 
557 
558 
559 
56o 
56i 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
5-74 
575 
576 


4 


716003 
6838 
7671 
85o2 
9331 

720159 
0986 
1811 

2634 
3456 
724276 
5095 
5912 
6727 
7341 
8354 
9165 

9974 

730782 

1589 

732394 
3197 
3999 
4800 
5599 
6397 
7193 


60871  6170 
6921  7004 
7754'  i837 
8d85i  8668 


h8, 
9572 
74o363 

Il52 

1939 
2723 

3310 

4293 

5075 
5855 

6634 
7412 

748188 
8963 
9736 

75oDo8 

1279 
2048 
2S16 
3583 
4348 

5ll2 

755875 
6636 
7396 

8lDD 
8912 
9668 
760422 
1176 
1028 
2679 


9414 
0242 
1068 
1893 
2716 

3D38 
4358 
5176 
5093 
6809 
7623 
6435 
9246 
••55 
o863 
1669 

2474 
3278 
4079 
4880 
3679 
6476 
1272 
8067 
8860 
9651 
0442 

1230 

2018 
2804 
3588 
4371 
5i53 
5933 
6712 


i266 
9040 
9814 
o586 
1356 

2125 

2893 

366o 
4425 

5189 
595 1 
6712 
7472 
823o 
8988 
9743 
0498 

1231 
2003 
2754 


0323 

ii5i 

1975 

2798 
3620 
4440 
5258 
6075 
6890 

7704 
85i6 
9327 
•i36 

0944 
1750 
2555 
3358 
4160 
4960 

5759 
6556 
7352 
8146 
8939 
973 » 

0021 

i3oQ 
2096 

2882 

3667 
4449 
5231 
601 1 
679O 

m 

9118 
9891 

0663 
1433 

2202 
297O 
3736 

45oi 
5265 
6027 
6786 
7348 
83o6 
9063 

ll^l 

1326 
2078 
2829 


6254 
7088, 
792c' 
8731; 
9580 
0407' 

1233; 

2038; 
2881 1 
37021 

4322 
5340 

6i56 
6972 

I'ki 
9408 
•217 
1024 
i83o 
2635 
3438 
4240 
5o4o 
5838 
6635 
7431 
8225 
9018 
9810 
0600 
1 388 
2175 
2961 
3745 
4528 
5309 
6089 
6868 
7645 
8421 
0195 
^8 


0740 
i5io 
2279 

3o47 
38i3 
4578 

5341 
6io3 

6864 
7624 
8382 
9139 
9894 
0649 
1402 
2i53 
2904 


6337 

8oo3' 

8834' 

9663 1 

0490 

i3i6 

2140 

2963  j 

3784I 

46o4| 

5422! 

6238 

7o53 

7866 

8678 

9480 

•298 

iio5 

1911 

2715 

35i8 

4320 

5l20 

5918 

67i5 

7311 

83o5 

9097 

988 

067I 

1467 

2254 

3o39 
3823 
4606 
5387 
6167 
6945 

^498 
9272 

••45 
0817 

i587 
2356 
3i23 
3889 
4654 

5417 
6180 

6940 

7700 

8458 

9214 
9970 

0724 

1477 
22:8 

2978 


I 


6421 

7234 

8086 

8917 

9745 

0573 

1398 

2222 

3o45 
3866 
4685 
55o3 
6320 

7134 
948 
759 

9570 

•378 

iid6 
1991 

2796 
3598 

4400 

5200 

5998 
6795 
7590 
8384 

9177 
9968 

075 

134 

2332 

3ii8 
3902 
4684 
5465 
6245 
7023 
7800 
8576 
93  5o 

•l23 

0894 
1664 
2433 

3200 

3966 

4730 

5494 

6256 
7016 

7775 
8533 
9290 
••45 
0799 

l532 

23o3 
3o53 


I 


I 


65o4 
7338 
8169 
9000 
9828 
o655 
1481 

23o3 

3127 

3948 

5?85 
6401 
•7216 
8029 
8841 
9651 

•459 
1266 

2072 
2876 
3679 
4480 
6279 
6078 

6874 
1670 
8463 
9256 

••47 
o836 

1624 
2411 
3io6 
3980 
4762 
5543 
6323 
7101 

8653 

9427 
•200 

0971 

1741 
2309 

3277 
4042 
4807 
5570 
6332 
7092 
7831 
8609 
9366 
•121 
0875 
1627 
2378 
3128 


6588 
7421 
8253 
9083 

99*  A 
0738 

i563 

2387 
3209 
4o3o 

4849 
5667 
6483 

7297 

8110 
8922 
9732 
•540 
1 347 

2l52 
2956 
3759 
4360 
5359 
61 57 
6954 

^54? 
9335 
•126 
0915 
1703 

2489 
3275 
4o58 
4840 
5621 
6401 

7955 

8731 

9304 

•277 
1048 

1818 

2586 

3353 

4119 

4883 
5646 
6408 
7168 

Ull 

9441 
•io6 
0930 
1702 
2453 
32o3 
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6671 1 
7304' 
8336! 
9165, 

9994 
0821 

1646 
2469 
3291 
4112 

4931 
5748 
6564 

7379 
8191 

9003 

9813 

•621 

1428 

2233 

3o37 
3839 
4640 
5439 
6237 

7034 
7829 
8622 

9414 
•2o5 

l^i 

2568 
3353 
4i36 
4919 
5699 

p. 

8o33 
8808 
958a 
•354 

1125 

1895 
2663 
343o 
4io5 
4960 
5722 
6484 
7244 
8oo3 
8761 
9517 
•272 

1025 

1778! 
2329! 
3278 


67541 
7587 
8410' 
9248, 

••77 1 
0903  j 

1728 

2552 

3374 

4194 

5oi3 

583o 

6646 

7460 

8273 

9084 

9893 

•702 

i5o8 

23i3 

3117 

3919 

4720 

5319 

63i7 

711J 

7908 

8701 

9493 

•284 

10731 

i860' 

2647 
343 1 
42i5 

4997 

5777 
6556 

7334 
8110 
8885 
9659 
•43 1 
1202 
1972 
2740 
35o6 
4272 
5o36 
5 

7320 

8836 
9592 
•347 

1!0I 

1 853 
2604 
3353 


83 
83 
83 
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83 
82 
82 
82 
82 
82 
82 
82 
81 
81 
81 
81 
81 
81 
81 
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80 
80 
80 
80 
80 
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9 
9 
9 
9 
9 

8 
8 
8 
8 
8 
8 

7 
7 
7 
7 
7 
7 
7 

7 

6 

6 
6 
6 
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5 
5 
5 
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0 

1 

3578 

3   4  1  5 
3653i  37271  38oa 

6 

3877 

7 
3952 

8 

4027 

9    a 

763428 

35o3 

4101 

75 

58i 

41761  4J5i 

4326 

4400  44751  455o 

4624 

4699  4774 

4848 

75 

582 

4923,  4998 

5072 

5 147  522  il  5296 

5370 

5443  5520 

55o4 
6338 

75 

583 

566o|  5743 

58i8 

5892!  5966;  6041 
6636  6710'  6785 
7379  7453;  7527 
8120  8194!  8268 
8860  89341  9008 

6ii5 

6100  6264 
6933,  7007 

74 

584 

6413  6487 

6562 

6859 

7082 

74 

585 
586 
587 
58d 
589 

71 56  723o 

7808  2972 
8638  8712 

7304 
8046 
8786 
9525 
0263 

7601 
8342 
9082 

7675.  7749I  7823 
8416,  8490  8564 
9i56|  92JOi  93o3 

74 
74 
74 

9377 
7701 i5 

945 1 
0180 
0926 
1661 

'^ 

9673 
0410 

9746 
0484 

9820 
o557 
129J 

9804 
o63i 

9968 
0705 

••42 
0778 
i5i4 

74 
74 

5oo 

770852 

0909 
1734 

1073 

1 146 

1220 

1367 

1440 

74 

5^ 

1 587 

1808 

1881 

1955 

2028 

2102 

2175 

2248 

73 

592 

2322 

2395 

2468 

2542 

26i5 

2688 

2762 

2835 

2908 
3640 

2981 

73 

593 

3o55 

3i28 

3201 

3274 

3348 

3421 

3494 

3567 

3713 

73 

594 

3786 
4517 
5246 

386o 

3933 

4006 

4079 

4i52 

4225 

42981  4371 

4444 

73 

5^5 

4590 

4663 

4736 

4800 
5538 

4882 

4955 

5683 

6028 

'Sioo 

5173 

73 

596 

5319 

5392 

5465 

56io 

5756 

5820 
6556 

5902 

73 

^ 

5974 

6047 

6120 

6193 

6265 

6338 

641 1 

6483 

6629 

73 

6701 

6774 

6846 

6019 

1644 
8368 

6992 

7064 

7i?7 

7209 

7282 
8006 
8730 

7354 

S279 
8802 

73 

600 

77S151 

7499 
8224 

7572 
8296 

8441 

65i? 

7862 
8585 

1^4 

72 
72 

601 

8874 

8947 
9669 

9019 

9091 

9163 

9236 

9308 

9380 

9452 

9524 

72 

602 

9596 

9741 

9813 

9885 

9057 
0677 
1396 

••29 

•lOI 

•A7? 

•245 

72 

6o3 

7803 1 7 

0389 

0461 

o533 

o6o5 

0740 
1468 

0821 

0893 

0965 

72 

604 

1037 
1755 

1109 

1181 

1253 

1324 

1540 

1612 

1684 

72 

6o5 

1827 

1899 
2616 

26^8 

2042 

2114 

2186 

2258 

2329 
3o4o 

2401 

72 

606 

2473 
3189 

2544 

3? 

4189 

283 1 

2902 

2974 

3689 

3ii7 

72 

607 
6od 

3260 

3332 

34o3 

3546 

36i8 

3761 

3832 

71 

3904 

3975 
4689 

4046 

4118 

4261 

4332 

44o3 

4475 
5187 

4546 

7" 

609 

4617 

4760 

483 1 

4902 

4974 

5o45 

5ii6 

5259 

71 

610 

785330 

5401 

5472 
6i83 

5543 

56i5 

5686 

5757 

•5828 

5899 

^ 

7> 

611 

6041 

6112 

6254 

6325 

6396 

6467 

6538 

6609 

7" 

612 

6751 

6822 

6893 

6964 

7035 

7106 

7'17 

7248 

73i9 
8027 
8734 

2^ 

8804 

7" 

6i3 
614 

7460 
8168 

7531 
8239 

7602 
63io 

hi  I 

2744 
6451 

7815 

8522 

7885 
8593 

^ 

7« 
7" 

6i5 

8875 
9581 

8946 

9016 

9087 

9157 
9863 

9228 

9299 

9369 

9440 

95io 

7" 

616 

9651 

9722 

9792 

9933 

•••4 

••74  •144 

•2l5 

T 

^•7 

790285 

o356 

0426 

0496 

0567 

0637 

0707 

0778  0848 

0018 

70 

6id 

0988  1059 

1129 

1199 

1269 

1 340 

1410 

1480 

i55o 

1620 

70 

619 

1691 

1761 

i83i 

1901 

1071 
2672 

2041 

2111 

2181 

2252 

2322 

70 

6iO 

792392 

2462 

2532 

2602 

2742 

2812 

2882  2952'  3022| 

70 

621 

3o92j  3162 

323i 

33oi 

3371 

3441 

35ii 

358i 

365i 

3721 

70 

622 

3790  3S6o 

3930 

4000 

4070 

4I39I  4209 

4836  4906 
5532  56o2 

4279 
4976 

4349 
5045 

4418 

70 

623 

4488  4558 

4627 

4697 

4767 

5ii5 

70 

624 

5i85i  5254 

5324 

5393  5463 

5672  5741 

58ii 

1^ 

625 

588oI  5949 

6019 
6713 

6088;  61 58 

6227'  6297 

6366:  6436 

65o5 

626 

6574  6644 

6782  6852 

6021  6900 
7614  7683 
83o5i  8374 

7060!  7129 

7^98 

59 

627 
628 

7268,  ^337 
7960  8029 
865 I  8720 

7406 
8098 
872o 
9478 
0167 

7475  7545 
8167  8236 
8858,  8927 

7752I  7821 
8443  85i3 

85^ 

69 

620 

8996'  9065 

9134  9203 

9272 

69 

63o 
63; 

799341!  9400 

630029  0008 

0717  0786 

95471  9616 
0236  o3o5 

9685;  9754 
0373,  0442 

9823  9802 
oDiii  o58o 

0648 

69 

632 

o854 

0923,  0992  1 06 1 

1 1 29 
i8i5 

1108  1266 

i335 

^ 

633 

1404  1472 

1 541 

1609  1678  1747 

1884  1952  2021 
2568  2637  2705 

69 

634 

2oaj  2 1 58 

2226 

2295  2363  2432  25oo 

^ 

635 

2774  2842 

3457  3525 

2910 

2979  3o47  3 1 16'  3 1 84 

3252  3321  3389 

636 

3D94 

3662;  3730'  3708  3867 
4344'  4412  4480'  4548 

3935 

4oo3  4071] 

68 

637 

638 

4 139  4208 

4276 

At  16 

4685.  4753 

68 

4821  488g 

4957 

5o25  5093  5i6i 

5220 

5297 

5365!  5433 

68 

63o 

55oi 

5569I 
I 

56371 
2 

5705  5773  5841 

5908 

6 

5976  6044  6112 

68 
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4 
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^ 
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N. 

640 

0 

I 
6248 

2 

63i6 

3 

6384 

4 
645 1 

5 
65i9 

6 

6587 

7 
6655 

8 

9 

D. 

68 

806180 

6723  6790 

641 

6858 

6926 

6994 

7061 

7129 

7197 

7264 

7332 
8008 

7400 
8076 

8143 

68 

642 

7535 
d2ii 

-[6o3 
89?? 

7670 
8346 

1738 
8414 

7806 

7873 
8349 

uii 

68 

643 

8481 

8684 

8751 

8818 

67 

644 

8886 

9021 

9088 

91 56 

9223 

9290 

9358 

9425 

9492 

67 

643 

9560'  9627 

9694 

9762 

9829 

9896 

9964 

••3 1 

••98 

•i65 

67 

646 

810233  o3oo 

o367 

0434 

o5oi 

o569 

o636 

0703 

0770 

0837 

67 

647 

00041  0971 
1575  1642 

1039 

1106 

1173 

1240 

1 307 

1374 

1441 

i5o8 

57 

648 

1709 

1776 

1843 

1910 
2679 

1977 

2044 

2111 

2178 

67 

649 

2245 

23l2 

2379 

2445 

25l2 

2646 

2713 

2780 

2847 

67 

65o 

812913 

2980 

3o47 

3ii4 

3i8i 

3247 

33i4 

338i 

3448 

35i4 

67 

65 1 

3d8i 

3648 

3714 
438 1 

3781 

3848 

3914 
458 1 

3981 

4048 

41 14 

4181 

67 

652 

4248 1  43 1 4 

4447 

45i4 

4647 

4714 

4780 

4847 

% 

653 

491 3  i  4q8o 

5o46 

5ii3 

f/7Q 

5843 

6246 

53i2 

5378 

5445 

55ii 

654 

6378 

5644 

5711 
6374 

5777 

5910 

5976 

6042 

6109 

6175 

66 

655 

6241 

63o8 

6440 

65o6 

6673 

6639 

6705 

6771 

6838 

66 

656 

657 
658 

6904 
7D65 
8226 

6970 
7631 
8aai 

7o36 
83?8 

7102 

7764 
8424 

7169 
7830 
8490 

7235 

73oi 
7962 
8622 

8028 
8688 

7433 
8094 
8754 

8820 

66 
66 
66 

659 

JB885 

89  f 

9017 

0083 

9149 

92i5 

9281 

9346 

9412 

9478 
•i36 

66 

660 

819544 

9610 

9676  974 1 

9807 

9873 

ttl 

•••4 

••70 

66 

661 

820201 

0267 

o333[ 

fo^ 

0464 

o53o 

0661 

0727 

0792 

66 

662 

o858 

0924 
1570 

2233 

2^ 

1120 

1186 

I23I 

i3i7 

i382 

1448 

66 

663 

i5i4 

I7I0 
2364 

1775 

1841 

1906 
2560 

1972 

2037 

2io3 

65 

664 

2168 

2299 
29D2 

243o 

2495 

2626 

2691 

2756 

65 

665 

2822 

2887 

3oi8 

3o83 

3148 

32i3 

3279 
0930 
458i 

3344 

3409 

65 
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3474 

3539 

36o5 

3670 

3735 

38oo 

3865 

3996 

4061 

65 

668 

4126 

4i9» 

4256 

4321 

4386 

445 1 

45i6 

4646 

471 1 

5361 

65 

4776 

4841 

4906 
5556 

4971 

5o36 

5ioi 

5i66 

523i 

5296 

65 

669 

5426 

549 » 

5621 

5686 

5751 
6399 

58i5 

588o 

5^45 

6010 

65 

670 

826075 

6140 

6204 

6269 

6334 

6464 

6528 

6393 

6658 

65 

671 

6p3 

6787 

6852 

6917 

6981 
7628 
8273 

7046 

7111 

7175 

7240 

73o5 

65 

672 
673 

7434 
6080 

7499 
8144 

7563 
8209 

Im 

7757 
8402 

7821 
8467 

7886 
853 1 

If' 
85o5 

9239 

65 
64 
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8660 

8724 

8789 

8853 

8918 
956i 

8982 

9046 

9111 

9175 

64 

675 

9304 

9368 

9432 

9497 
•  139 

9625 

&. 

9754 

9818 

9882 

64 

676 

9947 

••11 

••75 

•204 

•268 

•3o6 
10J7 
1678 

•460 

•525 

64 

f,l 

830D89 

o653 

135? 

0781 

0845 

0909 

0073 
i6i4 

iioa 

1166 

64 

i23o 

1294 
1934 

1422 

i486 

i55o 

1742 

1806 

64 

679 

1870 

1908 
2637 
3275 

2062 

2126 

2189 

2253 
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2q56 

238i 

2445 

64 
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8325o9 

2373 

2700 

2764 

2828 

2892 
3530 

3o2o 

3o83 

64 

681 

3i47 

32II 

3338 

3402 

3466 

35o3 

4230 

3657 

3721 

64 

682 

3784 

3848 

3912 

3975 

4039 

4io3 

4166 

4294 

4357 

64 

683 

4421 

4484 

4548 

4611 

4675 

if,l 

4802 

4866 

4929 
5564 

4993 

64 

684 

5o56 

5l20 

5i83 

5247 

53io 

5437 

55oo 

5627 

63 

685 

5691 

5754 

5817 

588 1 

5944 

6007 

6071 

6i34 

6107 
683o 

6261 

63 

680 

6324 

6387 

6451 

65i4 

6377 

6641 

6704 

6767 

6894 

63 

6B7 

6957 

7020 

7o83 

7146 

7210 

7273 

7336 

8o3o 
8660 

7462  7525 
8093  81 56 
8723,  8786 

63 

6od 
689 

7588 
8219 

7652 
8282 

834D 

7778 
8408 

7841 
8471 

8d34 

8597 

63 
63 

690 

83884Q  8912 
9478  9541 

8975 

9o38 

9101 

9i64 

9227 
985i 

9289!  9352 
99i8i  9981 

941 5 

63 

691 

9604 

9667 

9729 

9792 

••43 

63 

692 

840106  0160 
0733  0790 

0232 

0294 

0357 

0420 

0482 

o545,  0608  0671 

63 

693 

0859  0921 

1483,  1547 

0984 

1046 

1109 
1735 

1 172 

I234I  1297 

63 

694 

135^  1422 

1610  1672 

1797 

i860  1922 

2484  25^7 

63 

695 

198D  2047 
2609  2672 
3233,  3295 

2110  2172 

2235.  2297 

236o 

2422 

62 

696 

2734  2796 

2859  2921 

2983 

3046 

3 108  3170 

62 

697 

3357  3420 

3482  3544 

36o6 

3669 

3731 J  3793 
4353  44 1 5 

62 

698 

3855'  3918 

3980  4042 

4104  4166 

4229 

4291 

62 

699 
N. 

4477 

4339 
I 

4601  4664 

4726  4788 

485o 
6 

4912 
1 

4974  5o36  62  1 

0 

2 

3 

4 

5 

I  8 

I  ^ 

<\\.  's 

23* 
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N. 


760 

761 
762 
763 

764 
765 
766 
762 
76d 
769 
770 

771 
772 

773 

775 

776 

778 

779 
760 

781 

782 

783 

784 
785 
786 


789 
790 

79» 
792 
793 

794 
795 

796 

79^ 

801 
802 
8o3 
804 
8o5 
80^ 
807 
8od 
809 
810 
811 
812 
8i3 
814 
8i5 
816 

^n 

8id 
819 


880814 
1 385 
1955 

2525 

3093 
366i 
4229 

4793 
536i 
6926 
886401 
7054 
7617 

6179 
8741 
9302 
9862 

990421 
0980 
1537 

892095 
965 1 
3207 
3762 
43i6 
4870 
5423 
5975 
6526 

«  7077 
S97627 

8176 

8725 

9273 

9B21 

900367 

0913 

1458 

2oo3 

2547 
903090 
3633 
4174 
4716 
5256 
5796 
6335 
6874 
7411 

908485; 
9021 
9556 

910091 
0624 
ii58 
1690 
2222 
2753 
3284 


0871; 

1442' 

2012; 

258 1  i 

3i5o' 

3718, 

4285 

4852 

5418 

5983 

6D47 
7111 

7674 
8236 

9918 

0477 
io35 

1593 

2i5o 

2707 

3262 

3817 

4371 

4925 

5478 

60J0 

658 1 

7132 

7682 

8-231 

8780 

9328 

9875 

0422 

0968 

I3l3 

2o57 
2601 

3 144 
3687 
4229 

4770 
53io 

585o 
6339 
6927 
7465 
8002 
8539 
9074 
9610 
0144 
0678 
1211 
1743 
2275 
2806 
3337 


0928 

«499 
2060 

203» 

3207 

3775 

4342 

4909 

5474 

6039 

6604 

7167 

773o 
S292 
8853 
9414 
9974 
od33 
1091 
1649 
2206 
2762 
33i8 
3873 
4427 
4qSo 
5d33 
6oS5 
6636 
7187 

8286 

8835 
93K3 
9930 
0476 
1022 
1 567 
2112 
2655 
3199 
3741 
4233 
4824 
5364 
5904 
6443 
6981 
pi9 
8o56 
8592 
9128 
9663 
0107 
0731 
1264 
1797 

2328 

2859 
3390 


0985 

1 556 
2126 
2695 
3264 
3832 
4399 
4963 
553 1 
6096 
6660 
7223 

^]48 
8909 
9470 
••3o 
o589 

1 147 
i7o5 

2262 
2818 
3373 
3928 
4482 
5o36 
5588 
6140 
6692 
7242 

lit 

8890 

9o85 
od3i 
1077 
1622 
2166 
2710 
3253 

lit 

4878 
5418 
5958 

6497 
7oj5 

2573 

8110 

8646 

9181 

9716 

025l 

0784 

i3i7 
i85o 
238i 
2913 
3443 


1042 
i6i3 
2i83 
2752 
3321 
3888 
4455 

5022 
5587 

6i52 
6716 
7280 
7842 
8404 
8965 
9^26 
••86 
0645 

I203 

1760 
2J17 
2873 
3429 
3984 
4538 
5091 

5644 
6195 

6747 
7297 

8396 

8944 
9492 
••J9 
o586 
ii3i 
1676 
2221 
2764 
3307 

3849 
43oi 
49^2 

5472! 

6012 

655i 

7080 

7620 

8i63 

8699 

92J3 

9770 

o3o4 
oS38 
1371 
1903 
2435 
sq66 
3496 


m 


1099 
1670 
2240 
2809 

3377 
3945 

4312 
5078 

5644 
6209 

6773 
7336 
7898 
8460 
9021 
9582 

•141 
0700 
1259 
1816 
2373 
2929 

3484 
4o3o 
4593 
5146 

6*^ 

63o2 
7352 
2902 
8451 
8999 

9547 
••94 
0640 
1186 
1731 
2275 
2818 
3361 
3904 
4445 
4986 
5d26 
6066 
6604 
7«43 
7680 
8217 
8753 

t^ 

o358 
0891 

1424 
1956 
2488 
3019 
3549 


ii56|  I2i3| 

1727'  1784! 


2297 
2866 
3434 


2354' 
2923 
3491! 


4002 1  40D9 
4569'  4625 
5i33  5192 


I 


5700 
6265 
6829 
7392 

lU 

907 
903 

0756 

iJi4 

1872 

24:9 
2985 
35'{o 

4094 
4648 

520I 

5734 

63o6 
68j7 
7407 

Ifol 
9054 

9602  96 
•i40j  ^203 
0695  0749 
1240  1295 
1785  1840 
23201  2384 
2873!  2927 
3416  3470 
3958|  4012 
4499;  4553 
5o4o,  5094 
558o  5634 
611Q  6173 
6658.  6712 
71061  7200 

jiU,  7787 

8270I  8324 
880-n  8860 
93421  93o6| 
9877  9930, 
041 1 1  04641 
0944  0998 


5p7 

632il 

68851 

7449 
8011 

8573 
9«J4 
9694 

•2D3 

0SI2 
1370 
1928 
2i84 
3o4o 
35o5 

4130 

4704 
5257 
5809 
636 1 
6912 
7462 
8012 
856i 


8 

1271 
1 841 
241 1 
2980 
3d48 
4ii5 
4682 
5248 
58i3 
6378 


1 328 
1898 
2468 
3o37 
36o5 
4172 

4739 
53o5 
5870 
6434 
6998 
7D0D,  7361 
8067!  8123 
8629  8685 


1477 
2009 

2541 

307a 

36c2 


IDJO 

2o63 

2594 

3i25 
3655 


9190 
97DO 
•309 
0868 
1426 
1983 
2540 
3096 
36di 
42o5 
475q 
53i2 
5864 
6416 
6067 

8067 

861 5 
9164 
971 1 
•258 
0804 

1 349 

1894 

2438 

2981 

3d24 

4066 

4607 

5i^% 

5688 

6227I 

6766 

7304 

7841 

8378, 

8914I 

9449 

99841 

03l8 

io5i 

1 584 
2116 
2647 
3178 
3708 


9246 
9806 
•365 
0924 
1482 
2039 
2595 
3i5i 
3706 
4261 

4S14 
5367 
5920 

647 » 
7022 

7572 
8122 
8670 
9218 
9766 

•3l2 

0859 
1404 
1948 
2492 
3o36 
3578 
4120 
4661 

5202 
5742 
6i8i 
6820 
7358 

8967 

93o3 

••37 
0571 

1104 
1637 
2169 
2700 
323i 
3761 


T 

5t 
57 

57 

u 

56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
66 
56 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
53 
53 
53 
53 
53 
53 
53 
53 
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N. 

820 
821 
822 
823 
824 

823 
826 

828 
829 

83o 
83i 
832 
833 
83  i 
835 
836 
8J7 
833 
8)9 
840 
841 
842 
843 
644 
845 
846 
847 
848 

849 
85o 

83 1 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
863 
869 
870 

872 
873 

874 
875 
876 

^n 
878 

879 

N. 


oi38i4 
4343 

4872 
5400 
5927 

6434 
6980 
7Do6 
8o3o 
8555 

919078 
9601 

920123 
0645, 
ii66l 
1686 
2206 
2725 

3244 

3762 

924279 

4796 

53i2 

5328 

6342 

6357 

7370I 

7383, 

8396 

8908 

929419 
9930 

930440 
0949 
1458 
1966 

2474 
2981 
3437 
399J 

934498 
5oo3 
5507 
6011 
65i4 
7016 
75i8 
boi9 
8520 
9020 
9395 I c 
940018 
o5i6 
1014 
i5ii 
200S 
25o4j 
3ooo 

39^' 


3867' 
4396 
4925 
5453 
5o8o 
6507 
7o3J 
7558 
8o83 

8607 
91)0 
9653 
0176 
0697 

i2id 

1738 

2258, 

2777i 
3296 

3vSi4 
4331: 

4«48 
5364 

5379 
6394 
6908 

7422 
7935, 

8447 
8959 
9470 
9981 

0491 
1000 
1 509 

2017 

2524 

3o3r 
3533 
4044 

4549 

5o54 

5558, 

6061 

6564; 

7066 

7568, 

8069' 

8570, 

9569 
0068 
o566 
1064! 

i56i| 
2o58, 

2554 
3o4q 
3544, 
4o38, 


3920 
4449 


530 

6o33 
655^ 
7083 
7611 
8i35 
865o 

9706 
0228 
0749 
1270 
1790 

23lO 

2829 

3348 

3865 
4383 
48r.o 
641 5 
5931 
6445 
6950 
7473 

8498 
9010 
9521 

••32 

o542 
io5i 
i56o 
2068 
2575 
3oS2 
3589 
4094 
4599 
5io4 
56o8 
6111 
6614 

7II7 

7618 
8II9 
8620 

9120 

9610 
Olid 

0616 

III4 
I6II 

2107 
260J 
3099 
3593 
4088 


3073 

45o2 
5o3o 
5558 
6o85 
6612 
7i38 
7663 
8188 
8712 
9235 
9758 
0280 
0801 

1322 

1842 
3362 

2881 

3390 

3917 
4434 
4951 

5467 
5982 
6497 

7011 

7524 

8o3/ 
8549 
9061 

9572 

••83 
0592 
1 102 
1610 

2It8 

2626 

3i33 

363o 

4145 

465o 

5i54 

5658 

6162 

6665 

716 

766 

8169 

8670 

9170 

9669 

oi6d 

0666 

Ii63 

1660 

2157 

2653 
3148 
3643 
413-7 


4026 

4555 

5o83 

56ii 

6i38i 

6664- 

7190; 

7716. 

8240 

8764 


4608 
5i36 
5664 
6191 

6717 
7243 

8293 
8816 


9287.  9340 
9810  9862 


o332 
o853 
1 374! 

2414' 

2933, 

345i 

3960 

4486, 

5oo3' 

55i8 

6o34 

6548 

7062 

L^ 
8601 
9112 
9623 

•i34 
0643 
1 1 53; 


4i3a 
4660 
5189 


4184 

4713 

.  5241 

5716;  5769 

6243  6296 


8 


i66i| 
2169 

2677  j 
3 1 83. 
3690, 

4195 
4700| 
52o5i 

5709! 

6212' 
6715, 

72«7i 

7l8, 


219 

8720; 
9220, 

9719 
0218 
0716! 

I2l3| 

1710 
2207 

2702; 

3692: 

4186 


o384 
0906 
1426 

1946 
2466 
2985 
35o3 
4021 
4538 

5o54 

5570 

6o85 

6600 

7114 

7627 

8140 

8652 

9i63 

9674 

•18 

0694 

I204 

1712 
2220 
2727 
3234 
3740 
4246 

4751 
5255 

5759 
6262 
6765 
7267 
7769 
8269 
8770 
9270 
9769 
0267 
0765 
1263 
1760 

2256 

2752 

3247 
3742 
4236 


6770 
7295 
7820 
8345 
8869 
9392 

9914 
0436 

0958 

1478 
1998 

2318 

3o37 
3555 
4072 
4589 
5io6 
5621 
6i37 
665i 
7i65 
7678 

92i5 


6822 
7348 
7873 

6397 
8921 

9444 
9967 

0489 
1010 
i53o 
2o5o 
2570 
30S9 
3607 
4124 
4641 
5i57 
5673 
6188 
670a 
7216 
7730 
8242 
8754 
9266 


9725,  9776 
236.  •287 


0745 
:254 
1763 
2271 
2778 
3285 

3791 
4296 

4S01 

53o6 

5809 


1814 

2322 
2829 

333d 
3841 

4347 
4852 
5356 
5860 


63i3i  6363 
68i5;  6865 
7317I  7367 


7819 
83  20 
8320 
9320 
9S19 
o3i7 
081 5 
i3i3 
1809 
23o6 
2801 
3297 

37 
42 


7869 
8370 
8870 
9369 
9869 
o367 
o865 
1 362 
1859 
2355 
285 1 
3346 

3841 
4335 


42371 

4766 

52941 

5822' 

6349 

687D, 

7400! 

7925 

8450= 

8973j 

9496, 

••19 

o54il 

1062; 

1 582 

2102 

2622 

3 1 40 

3658 

4176 

4693 

5209 

5725 

6240 

6754 

7268 

8293 
88o5 
9317, 

9S27J 
•338 

0847 

•1336! 

1865 

2372 

338? 
3S92 

4397 
4902 

5406 

5910 

6413 

6916 

7418 

7919 

6420 

89201 

941Q 
9918 

0417 

0915 

1412 

1909 

24o5| 

29011 

3396 

38oo 

4384 


D. 

'3 


4290 

4819 

5347'  53 

'--      53 

53 

53 

53 

52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 
52 

5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5i 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 
5o 

I 


5873 
6401 
6927 
7453 
7978 
85o2 
9026 

9549 
••71 
0593 
1114 
1634 
2i54 

2674 
3t92 
3710 
4228 

4744 
5261 
5776 
6291 
68o5 
7319 

7832 

8345 
8857 
9368 

9*^79 
•38o 

0898 

1407 

1915 

2423 

2930 

3437 

3943 

4448 

4953 

5457 

5960 

6463 

6966 

7468 

7969 

8470 
8970 
9460 
9968 
0467 
0964 
1462 
1953 
2455 
2950 
3445 
3939 
4433 


8  I  9  I  D. 


▲    TABLE    OP    LOGARITHMS    FROM    1    TO    10,000,  641 


N. 

"880 
881 
882 
883 
884 
«85 
886 
887 
888 
889 
890 
891 
892 
89J 

894 
895 
896 

^ 

899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
911 
912 
913 

915 
916 
9n 
918 
919 
920 
921 
922 
923 
924 
926 
926 
927 
92» 
929 
930 
931 
932 
933 

934 
935 
936 

939 


H. 


944483 

4976 
5469 
5961 
6452 
6943 
7434 
1924 
8413 
8002 

949J90 
9S78 

930365 
o85i 
i338 
1823 
23o8 

2-»92 
3276 
3760 
954243 
4725 
6207 

5638 
6168 
6649 
7128 

8086 

8564 

959041 

95i8 

^9995 
900471 
0946 
1421 
1895 
a369 
2843 
33i6 
963788 
4260 
473 1 

5202 
5672 
6142 
661 1 
7080 
7548 
8016 
968483 
8900 
9416 
9S82 

970347 
03l2 

1276 
1740 

2203 
2666 


4532 
5o25 
55i8 
6010 
65oi 

^ 

8462 
8951 
9439 
9926 

0414 
0900 
i386 
1872 
2356 

2841 
3325 
38o8 

429» 

4773 
5255 
5736 
6216 

6697 
7116 
7655 
8i34 
8612 
9089 
9566 
••42 
o5i8 

0994 
1469 

194J 
2417 
2896 
3363 
3835 
4307 

4778 
5249 

5719 
6189 

6658 
7127 
7593 
8062 
853o 
8996 
9463 

OJ93 
o8d8 

l322 

1786 
2249 


458i 
5074 
5567 
6059 
655i 

7041 
i53a 
6022 
85ii 
8999 
9488 
9975 
0462 
0949 
1433 
1920 
24o5 
28S9 
3373 
3836 
4339 
4821 
53o3 
5784 
6265 
6745 
7224 

8181 

8659 
9137 
9614 
••90 
o566 
1041 
i5i6 
1990 
2464 
2937 
3410 
3882 
4354 
4825 
5296 
5766 
6236 
6705 
7173 
7642 
0109 
8376 
9043 
9509 
9975 
0440 
0004 
1J69 
1 832 
2295 


2712  2738 


463 1 

5i34 

56i6 

6108 

6600 

7090 

n58i 

8070 

8360 

9048 

9536 

••24 

o5ii 

0907 

14S3 

i960 

2453 

2938 

3421 

3905 

4387 

486gL 

535i 

5832 

63i3 

6793 

7272 

775i 

8229 

8707 

9185 

gfiSi 

•i38 

o6i3 

1089 

1 563 

2o38 

25ll 

2985 
3457 
3929 
4401 
4872 
5343 
58i3 
6283 
6752 
7220 
7688 
81 56 
8623 
9090 
9536 
••21 
0486 
0951 
I4i5 

1879 
2342 

2804 


4680 
5i73i 
56651 
6i57i 
6649 
7U0 
763o 
81 19 
8609 

••73 
o56o 
1046 
i532 
2017 

25o2 
2986 
3470 
3953 
4435 
4918 
5399 

588o 
636i 
6840 
7320 

7799 

til 

9232 
9709 
•i85 
0661 
ii36 
1611 
2o85 
2559 
3o32 
35o4 
3977 
4448 

4919 
5390 
5860 
6329 
6799 
7267 
7735 
8203 
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Teachers  who  prefer  the  use  of  dia^ams  will  find  this  an  admirable  work,  in  which  this  popular 
method  of  analysis  is  inadc  clear  and  simple  as  possible.  It  tre.its  of  the  Enn^lish  I.nn^uag-e 
as  it  is  spoken  and  written  to-day,  while  tracing  its  history  from  older  periods.  Lessons  on 
Composition  and  Letter-writing;  are-elso  given. 


Fewsmith's  Elementary  Grammar. 
Fewsmith's  Grammar  of  Eng.  Langnage. 

BY  WM.  FEWSMITH,  A.M.,  AND  EDGAR  A.  SINGER. 

Based  on  the  well-known  Murray's  System.    Easy  to  understand,  the  lessons  before  dre.vled  he- 
come  a  deJig'ht  to  teacher  and  pupils.    Care  has  \>eei\  taken  \n  gtavUug  every  less»>n.  modeling 
rules  and  de6nitions,  and  making  every  sentence  an  cxamv\«  *>t  RiAi;iv\\\;vvvct.\  ^cc-at^c^. 
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